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(54) POLARBER AND UQUD CRYSTAL DISPLAY ELEMENT 



(57) The invention relates to Bght polarizers and 
devices for cfisplaying information based on saki polariz- 
ers, In particular to a liquid crystal incfoating (LCI) ele- 
ment, and can be used in flat fiqukl-crystal displays. 
Including those of the projectk}n type, luminairs. optical 
modulatOfSt matrix systems of Ggtrt modulation, etc. 

The objective of the invention is to provide an highly 
efficient polarizer provklmg an innproved brightness and 
colour saturation of a LCI element based on such polar- 
izer. 

This otsjective is to be attained kiy using, in manu- 
facture of a polarizer and a LCI element based on such 
polarizer, at te^ one birefringent anisotrcpically 
at>sort»ng layer having at least one refraction index tfiat 
grows as the polarized light wavelength increases, i.e. 
having the abnormal dispersion. 

The use of saU layer alksws to create polarizers of 
btith the dichroic and intoference types. Further, the 
use of said layer aUows to aeate a polarizer that pro- 
vides, in a restively sinrple design, conversion of practi- 



cally aO energy of a non-polarized radiation into the 
polarized racfiation. 

The above-redted peculiarities of the claimed 
polarizer based on a kxrefringent anisotropicalty absort>- 
ing layer having the abnormal (fispersion aUow to aeate 
both a cotour and monochromic LCI element distin- 
guished for an higher brigtitness. odour saturatkm, 
good angular characteristics and absence of shadows. 
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Description 

Field of the Invention 

5 [0001] This mention relates to optics, and in particular to light potar^ 
thereon. 

[0002] A tight polarizer, that trarsforms the ratural light into, the polarized Itght. and a fquid-cryslal incficating (LCI) 
element t>ased thereon are of the necessary elements of the up-to<late devices tor disp^ng informati(vi on liquid 
crystals (LC). monitoring systems and fight blocking. 

10 

Description of the Prior Art 

[0003] The polarizers presently used are films oriented by the uniaxial tension, a polymer f Bm dyed in mass by organic 
dyes, or iodine compounds. As a polymer, polyvinyl alcohol (PVA) mainly used [see. eg. US Patent 5 007 942 
16 (19910]. 

[0004] Polarizers t>as6d on PVA, dyed with iocfine have Ngh polarization characteristics and are widely used in pro- 
duction of liquid-crystal indicators for screens, watches, calculators, personal compute etc. 
(OOOq However, an high cost and a low thermal resistance of the polarizers based on PVA do not allow to use them 
in the mass-production consumer goods, in particular in manufacture of multi-layer glass and f Oms for automotive indus- 

20 try. construction, architecture. Thte circumstance, In its turn, calls forth development of new type of polarizers. 

[0006] Known is a polarizer t>eing a suk)stnBte whereon applied teinoieculariy^^ layer of cfichroic dye capat]le 
of fonmtg the nematic phase [US Patent No. 2 544 6593 (1951) and Patent of Japan 1-183602(A)(1989)]. 
[0007] Said polarizer has an higher thermal resistance as compared with the polarizer based on PVA, because the 
polarizers molecularfy-oriented films of the dye has an high thermal stabiGty and can be fbrmed on such stable materi- 

25 alsas,e.g., glass. 

[0008] Among drawbacks of the polarizer according to US Patent No 2 544 6593 and Patent of Japan 1 - 183602 (A) 
should be mentioned, first of all, an insufficient poterizmg capability and a low contrast 

[0009] A polarizer [AppGcation PCT WO 94/28073(1 994)] being a substrate whereon applied is a thin film 0. 1 -1 .5 mem 
tfttdc of the molecularty-ordered layer of water-soluble dyes t3eing suMo^dds or their non-organic sails of azo- and pdy- 
30 cycfic compounds, or their mixtures of the general fonmula (I), have higher poteuizing characteristics. 

{Chfomogene} (SOalQn, where: Chromogene is a chromophore system of a dye; HA - HT. U*. Na^ K*. Cs^, NhU^ 
which are capable of forming a stable lyotrcpic liquid^crystat phase. aOowing to produce on their basts the stable lyo- 
tropic liquid crystals (LLC) and compositions based thereon. 

[001 0] To prochice a polarizer acconfing to application PCT WO 94/28073: on the substrate surface applied are LLC 
3S of a dye, and simultaneously the mechanical orientation with subsequent evaporation of a solvent tai«as placa Therday 
on the substrate surface fomned e a thin f ilm of the mdeculariy-orclered dye layer - a polarizing coating (PC) capable 
of effidentty polarizing the light BiA said polarizer has the polarization characteristics which are stifl insufficient for use 
in the high-resolution LC-devices. 

[0011] Also known are polarizers <(operating>) owing to other physical phenomena, for example, owing to different 

40 reftedances having different polarizations. Polarizers of this type are referred to as the reflecting ones; therein used are 
phenomena of the tight polarization both in incidence and reflection of light beams from surface of any dielectric mate- 
rials at incfined angles dose to Brewster angle, and at the normal (perpendicular to the sioface) incidence and light 
reflection from the surface of t»refringM materials. In that case an i i npiov e ment <rf the polarizing properties is achieMed 
through use of multi-layer design of reflecting polarizers. 

45 [0012] fitoo known is a polarizer [AppGcatkm PCT WO 95/17691 (1995)] comprising at least one t^refringorrt layer 
having suditfiickness that therein realized is the interference extremum at output of an optical polarizer at least for one 
linearly-polarized light component. Such polarizer indudes interleaved layers of two transparent (non-absort>ffig in the 
operating wavelength range) polymer mater^ among which at least one of them is the tsirefringent one. Birefringence 
in said polymer nraterial Is fornted when a film nianufactured of such n^ is drawn in tiiesamedo^ection 2-10times. 

so The other layer of polymer material, interleaved in layers with the birefringent layer, is the optically isotropic one. The 
ordinary refraction index of the birefringent layer is equal to the refraction index of tiie optically isofaropic layer. 
\!M 3] Prfftdple of operation of the Iviown polarizer is as follows. One Itneariy-polaraed component of the non-polar- 
ized light to which oomponem corresponds the extraordinary (greater) refraction index of ^e birefringent layer, 
essentiaOy reflected from a nulti-layer optical polarizer owing to a difference of refraction indices at boundaries of tiie 

55 birefringent layer and opticaDy isotropic layer. Wh^ thickness of the layers is of the wavelength order, the light beams 
reflectod from boundaries of the layers interfere witii one anottter. When thickn^ refraction indi- 

ces are appropriately selected, the optical travel difference between the waves r^ected from boundaries of the layers 
is equal to an integer of wavelengtties. i.e the reflected waves* interference result wiQ be the interference maximum 
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resulting in their mutual mtaisrficatbn. In ths case reflection of the linearty-pdarized connponent of the non-polarized 
light to which component corresponds the extraordinary (greater) refraction index of the birefrlngent layer, is Inten^fied 
significantly 

[(Kn 4] The ordinary (snail) refraction Index of the birefringent layer is selected to be essent^ly equal to tfte refraction 
5 index of the optically isotropic polymer layer. i.e. there is no difference (akMupt cftanges) of the refraction indices at 
boundaries of the birefringent and opticaOy eotropic polymer layers. Therefore, the other linearly-polarized component 
of the incident non-polarized Bght. to which oonrponent the ordinary (smaO) refraction index of the birefringent toyer cor- 
responds, passes through the nu^-layer optical pobrizer conrpletely. without any reflections. 
[0015] Thus, when the non-polarized light is inddait on a known polarizer, one linearly-polarized component is 
10 reflected, and the other linearty-polanzed conponent passes through the polarizer, i.e. the Gght polarization takes place 
both for the passing and reflected Gghts. 

[0016] The polarizer known from application PCT WO 95/1 7691 te a cont)ined one and further comprises a cSchrdc 
polarizer having a weak absorptk>n and cfichroism. fc>eing the optk:ally positk)ned wth a reflecting optical polarizer. The 
role played by the adcfitional cfichroic polarizer, the transmission axis of which is parallel to the transmtsskm axis of the 
IB reflecting optical polarizer, is reduced to elimination of the external light ref lecttor^ when the combined polarizer is oper- 
ated for the (<transiucency)). 

[001 7] One of the dsadvantages of the known polarizer is a comparativ^y strong spectral dqaendoice of its optical 
characteristics, i.e. dependence of the polarizing capacity and the reflection index (and transmittance) on the polarized 
light wavelength. This disadvantage is caused by the circumstance that refraction incfices in the used materials 

20 desaease as the polarized light wavelength increases. 

[rai8] The other disadvantage of the kncwn polarizer [AppOcatton PCT WO 95/17691] is the necessity to use a great 
nunte of the interieaving layers, which necessity is caused tsy the circumstance that the txrefringence maximum value 
(cfifference between the ordinary and extraordinary refractk)n indices of a birefringent materiaO in transparent polymer 
materials is low and generally does not exceed 0. 1-0.2. For this reason the ref lectk>n index from the t^er boundaries 

25 is sntall. and fbr the purpose to obtain an high reflection as the whole from an optteal polarizer, it is necessary to use a 
great numt>e^ (1 00-600) of layers, application of %vhich layers is an extrentely difficult task and requ i res special precision 
eQuipmerrt 

[001 9] The second reason of the necessity to use a gteaX number of laym in a polarizer in saU reference is as fbl- 
lows. To polarize the light in a wide wavelength range in the ntutti-layer coating, numerous pairs of interteaving layers or 
30 groups of pairs having different thicknesses for ( (tuning >) of each pairs' group for the ( (own)) wavelength within a 
wide spectrum range must t>e availabia 

[0020] ftonetheless, even when a great number of groups of pair layers, each of whk:h is tuned for its own wavelength, 
is used, the optksal characteristics of the known polarizer are significantly dependent on the polarized light wavelength. 
[0021 ] It should be noted that the above-cited polarizers of both the dichroic and interference types are to utilize not 
35 more than 50% of the incident light energy. 

[0022] While known are polarizers that utilize more than 50% of the inddent Bght energy 

[0023] Also known is a polarize [US Patent Na 3 522 985 (1970)] implemented as at least one film of plate, whereon 

applied are: 

^ • a polarizing rroans differ^y focusing two pluralities of tinearty-polarized, orthgoral to one another, light beams 
constituting the nonixdarized light incklent thereon; 

• nneansforchangingpoiarizationoffatleastonepluralityof light k>eams of one pol^^ 
of the non-pdarized light incklent on the polarizer; 

• a meansfor oollimation of the light outputted from a polarizer, implemented in the form of an array of cylindrical 
45 lenses. 

[0024] The atx>ve-mentioned polarizing nrieans consists of two pairs of delecb^ one layer of said pair being 

the t>irefringent one. the other bekig the optically isotropic ona Thereby said layers are intercxmnected by their appro- 
priately moukjed surfaces and thereby form a fiomogeneous array of identical (Ttindrfoal microlenses. 

50 [0025] Between saklpaira of sakl dielectric layers positioned is a continuous half-w^ 

axis of which plate is at angle of 45"" to the directfon of geometric axes of said cylindrical lenses. 
[CM26] Said means for polarization changing is a sectioned birefringent phase-delaying plate, wfnch is a half-wave or 
quarter-wave piata parallel to the polarizer plane, and having the optical axis at angle of 45*" to the direction of geontet- 
ric axes of said cylindrical lenses. Downstream of said means, two outputted pluralities of b^ms become focused in 

55 the sections, or in the sections and intervals between sectfons of sakj sectioned birefringent phase-delaying plate, 
whk;hresuHs in such conversion of the polarizatfon state of at least one plural^ it{^ beams of the same 

polarization, that all the light beams passed through said phase-delaying polarizers, acquire identical polarizatfons. and 
the energy transferred by them t>ecome practically equal to tfie energy of the non-polarized light incident on the polar- 
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izer. 

[0027] In the polarizer accorcfing to US Patent Na 3 522 985, birefringent dielectric layers comprised by saki polariz- 
ing means and means for ctanging polarization of at least one plurality of light beams of two Gnearly-polarized compo- 
nents of the non-polarized Inctdait on the polarizer, are I m plemented of potyethylen^erephthalate. or a simOar 
polymer, moleolarty ori&rted in a pre<letermined direction. 
[0Q2g] [^sadvantagesdthepoiajizeraocondingtoUSPatem3522dd5isaloweffk^ 
ization. caused by the following: 

• the capabiGty to polarize only the portion of the incident fight rays that is perpendicular to the polarizer plane; 

• use of tfie molecutarly^ented polyethyteneterephthalate and the Gke materials as the birefringent material. 

[0029] Also known is a polarizer accorcfing to US Patent 5 566 367 (199Q, comprising a means for converting the 
incoming noni>olarized li^tt into a plurality of identical light beams, a polarizing means for divicfing the non-pdarized 
light beams into the polarized passing and r^lected light beams having different polarizaiions a means for changing 
polarization of the Gght bean^ reflected from the pobrizing means, and a reflecting means, which means directs the 
light beams outputted from the polarizer along essentialty the same direction. In the known polarizer [US Patent Na 5 
566 367] a means divicfing the non-polarized light b^ms into the polarized passing and reflected light beams, having 
Afferent polarizations, includes a paircSelectric surfaces arranged at essentially incGned angles to the light beams axs 
(at the angles af^voaching the Brewster angle), and a means for changing polarization includes a half-wave plate posi- 
tioned b^een said surfaces. In this polarizer, a r^lect^g means includes a pair of <fielectric surfaces ananged at 
essenfiaOy inclined angles to the light beams' axis (at the angles greater than the full int^nal reflection angle). Tt^ 
known polarizer has an high energy coeffid^ of converting the noni»larized light to the polarized one, i.e. practicaDy 
all the energy of the non-polarized light is converted into the outputted polarized l^ht this polarizer also has a compar- 
ative flat design. 

[0030] The major disadvantages of the polarizer according to [US Patent 5 566 367]. as well as those of the above- 
nnentksned polarizers, is a relatively low pdarizatron efficiency, a low degree of the outputted light polarization, and - in 
certain cases - a difficult manufacture thereof. 

[0031] As menttoned earlier, the above-mentioned polarizers can be used in various devices for dteplaying informa- 
tion, in particular for manufacture of liquid-crysta] indicating (IjCQ elements. 
[0032] The nK>st typical 1X1 el&nentB a device inplem^ed as a flat ^ 

internal surfaces of which plates applied are eledrodes of an opticaOy transparent conductive material, ag. tin (Soodde. 
Electrode^searing surfaces of saM plates are subjected to a special treatment providing a preKletemnined honrx)gene- 
aas ori6niatk>n of the LC moleodes at the plates* surfaces and in the LC film volivne. In case of the homogeneous on- 
entatkxi. big axes of the fiquxKcrystal molecules at the plates* surface are arranged in paralld to the orientation 
(firecdons. which (firectbns are usually selected to be mutuaOy perpencficular. After a dish is assembled, it is filed with 
LC forming a layer 5-20 mem thicK being an active mecGum and changing its optical properties (polarization plane rota- 
tion angle) when a voltage is applied thereto. A ctmnge of the optical properties is registered tn the crossed polarizers 
usually ^ued on the external surfaces of a dish [LK. Vistin. JHCA. 1983, vol. XXVIl. is& 2. pi 141-148]. 
[0033] Further, the display portk)ns, across electrodes of which portions a voltage is not appGed, transmit the Gght and 
appear to be of a fight regkxi. while the cOsplay portions under a voltage appear to be dark re^ona To create a cotour 
image, the LC elemmt oonprises an additional spec^ layer, dyed with organic, or non-organic dyes and implemented 
in the form of pattern elements (character-synihesizing and game indicators), or in the form of an anay of light filter of 
RQB or CMY types (nralrix screens) that provide an appropriate dye^ 

[0034] The polarizers preeently used, based on the polyvinyl alcohol f rbns, dyed with iodine vapours a dichroic dyes, 
have a k3fw mechanical strengtfi. and for thte reason require special measures for protectbn against mechank;al dam- 
ages, which measures make LCntevices more complicated and expensive. A conventional polarizer based on P VA is a 
conrplex system comprising as nuch as 10 layers: 



1. protective film 


6. adhesive layer 


2. a weak adhesive 


7. second support fam 


3. first si43p(rt film 


8. an adhesive 


4. an adhesive layer 


9. sificon layer 


5. polarizing film 


10. substrate film 
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[0035] When a polarizer is gtued, a siliconized film is removed (layers 9 and 10), and in assembling of a l-CI element 
the protective film having a glue (layers 1 and 2) Is removed and can be replaced with a protective glass. 
IQOSei As the result, after a LCI element is assembled, it represents a dBnce oonsisting of more than 20 layerB. It 
should be noted that a damage to even one layers of a polarizer renders it unsuitable for manufacturing of a LCI element 
[A.E. Pen-egaux, SPE, Vol. 307. p 70-7q. 

[0037] One the method for picrtecting polarizers against mechanical damages is their placement inside a dish. For 
tNs purpose, after the dsh plates are manufiactured and transparent dectrodes are appGed. a solutton of a polymer. 
6.g. polyvnyl alcohol, tfrat can conrprise iodine or cf chroic dye, is applied onto the plates. Then the pdynm solution is 
sut]j6cted to a shearing force, using, for a example, a doctor blade, that is moved along the plates surface. Th6rei|>on 
tfie Iraar polymer molecules are arranged along the blade nnovemenL After a solvent is removed, the so formed ori- 
ented PVAfilm, comprising iodine or a dichroic dye. can see both as a polarizer and a LC orientanl Then the cfish is 
assembled, f ifled with LC arvJ sealed. The so made polarizer now is inside a cell and thus protected against extenfal 
mechanical effects [US Patent No. 3 941 901 (1976)]. 
[0038] Drawbacks of said device are as follows: 

a) A low themnal stabiBty caused k>y use, for manufacture of such poBmerizer, of polyvinyl alcohol or other vinyl pol- 
ymers, and iocfine - for dying; 

b) Use of an iocfine polymer fam for dyeing, which results an a \e$ser contrast and mutttple rise of power consump- 
tion, which shortens the sennce life of such device. 

[0039] More thermaOy stable and having an higher contrast is a known device [Applicatk)n fbr RF patent No. 
96107430. B.I. Na 21(1998), p. 84-851. wherein as the pdarizeis used is a thin film of the molecularly-oriented layer of 
a dichroic dye capable of fbnming a st^e lyotrcpic Gqi^k:rystal phase - a polarizing coating (PC). A PC can serve both 
as a polarizer and an array for homogeneous orientation of LC. 

[OMO] A LC ceO is assembled, in the standard way, of the so made plates, a filled with a required liquid aystal and 
sealed. 

[0041] An usual drawback of the devices of such type is a low brightness and an insufficient colour saturation of a 
produced image. One of the r^sons of such drawback is use of dichroic light polarizers absorbing to 50-60% of the 
visble spectrum Gght. and use of the dyes additionally ab60it)ing a portion of the light stream. To attain an high colour 
saturation, in this case, a greater brightness of a light source is needed, which is connected with an increased energy 
consumption by a (Ssplay. An increased energy consumption results in losses of the LC dispteiys' advantages as the 
energy-saving devices as compared with alternative devices fbr displaying information. 

Summary off the Invention 

[0042] The objective of the invention is to provide polarizers of various types providing, with a relatively simple design, 
high polarization characteristics in a wide spectrum region. 

[0043] The other objective of the invention corwists in provicfing on the t>asis of said polarizers a liquid-aystal indicat- 
ing (LCI) element having an higher brightness and colour 8aturatk>n of an image. 

[0044] The set objective is to be attained by using, in manufacture of a polarizer and LCI element based thereon, of 
at left one birefringent anisotropically absorbing layer hanng at least one refraction index growing as the polarized light 
wavelength incr^ses. 

[WSl The cfistinguishing features of the invention is at least one k»refringent anisotropically absoit>ing layer having 
at least one refraction index growing as the polarized ligfit wavelength increases. This depenctence is refened to as the 
abnonnal dtepersion resulting in a sigr^cant growth of value of at least one refractton index. This In its turn results in a 
significant growth of the birefringence value which can gr^rtly exceed the similar value fbr the polymer materials of the 
prototype (0.2) and reach 0.7-0.8 for the fcnrefringent anisotropicalty absori3ing layer in the claimed polarizer. 
[0046] At lest one birefringent anisotrqpically Absorbing te^er accorcfing to the inventk)n has at least one refraction 
index directly proroptional with the polarized light wavelength. 

[0047] Use of such birefringent layer altows to manufacture polarizers of various types, including those of the 
(<ffiterference type)), cfichroic polarizers and polarizers using over 50%^ tight 
[0048] One of the essential features of the claimed polarizer of the < {interference type) ) is at least one birefringent 
layer having a thickness whereby the interference extremum is realized at output of a polarizer for at least one tineariy- 
polarized Bght component Thickness of the birefringent layer is selected also d^aencfing on the type of a material used 
for manufacture of the layer. Oving to such great value of birefringence, the n ecessary number of layers is dramaticaDy 
cBminished as compared with the known polarizers. 

[0049] Furthermore, the d^)endenoe of the conditions to obtain the interference exrema (maximums and mirtinuims) 
on the light wavel&igth is significantly kiwered and. in the preferred embocfiment is completely eliminated, which pro- 



6 



EP0 961 138 A1 



vides high polarization charactdiistics of a polarizer in a wide spectnim regpon. 

[0050] Use of at least one birefringent anisotroptcafly absorbing l^er though causing slight losses of Eght m a polar- 
izer of the ((interference type)), but these losses are Bttte, particularty in the layers less than 0.1 mem thick, and the 
achieved result - provision of high polarization cfmractertetics in a wkje spectrum region when as little as 10 layers are 
5 used -compen sa tes for these tosses. 

[0051] Here and herebiafler the notions of light and optical (jpolarizer) mean the electromagnetic radiation of visOble. 
nearer ultraviolet and nearer infrared ranges of wavelengthes, i.e. the range from 250*300 nm to 1 000-2000 nm (from 
0.2S-0.3tDl-2mcms). 

[0052] Here and hereinafter the notion of the flat layer is cited exclusively for ready understancfing. Without loss of the 
10 generafity. also meant is a polarizer having layers of (fifferent shapes: cylindrical, spherical and other more complex 
shapes. Further, the proposed polarizer of the < (interference type) ) can be embodied as both constructionally single 
and isolated, and as appGed onto various substrates or b^een sUtfitrates. 

[0053] Birefringent te^OB are referred to the layers having at least two cfifferort refraction incfices: the extraordirwy 
for one Gnearty-polarfzed light component, and the ordinary r\„ for the other orthogonal lin^uly-polarized light com- 

15 ponent Value of Ansn^ -n^ is refwed to as the refraction index anisotropy. or stnrpV the optical m Hereand 
hereinafter it is assumed that the optical axes to which axes correspond the extraorcOnary and orcBnaryrefracti^ 
oes are orthogonal cmd disposed in the layer plane. The optical axis, to which the extraordinary r^ractbn index % cor- 
responds, is mphasized in this or other manner. For exan^e, this axis can be the drawing direction of a polymer 
material layer, or a (f rector in an oriented nematic Sqtfid crystal. Such birefringent layer in the sense of crystal optics 

20 corresponds to opticaDy uniaxial plate cut out in parallel to the main ax^ Here and hereinafter as an example consid- 
ered are optically positive birefroigent layers, who-ein n^ > n^ Witiiout loss of tiie generality aO the inf^enoes also apply 
to tile optically negative birefringent Is^eis, wherein n^<i\y 

[0054] In a mae general case, for example for tiie optically biaxial layers, there are tttree different refraction indices 
n^-n^. ny""o'"z- Refraction Max nx corresponds to the direction of osdDations in the llgm wave, tii^ 
25 parallel to the Ifi^ plane and directed along the enphasized In some manner (firection X in ttie layer plane; ny corre- 
sponds to direction Y of oscaiafions in the light wave, also parallel to ttie layer plane, but perpencticular to ttie X direction; 
nx corresponds to direction Z of oscillations in ttie light wave, perpendicular to tiie layer plana Depending on ttie 
metitod fbr manufacturing ttie birefringent layers and the type of ttie used materials, ratio or refraction indices nx. ny nz 
can tDe different 

30 [005S] At least one birefrnigentanisotropicallyabsortnng layer in ttie proposed pol 
as three refraction indices that grow as the polarized light wavelengtii increases. 

[0058] The most preferable is use of a polarizer of tiie ( (interference type)) according to the invention, wherein at 
least one birefringent aniscttropically absort>ing layer has at least one retraction index tiiat is (firectiy proportional to ttie 
polarized light wavelengtti. For ir^tance. if in fbrnrula 2dn^ a mX , where d is thickness of the birefringent anisotropt- 

35 caity absorinng layor. m is tiie interference order corresponding to ttie interference maxinum condition, the extraordi- 
nary index Oe will be directty proportional to the Kght wavelengtti. i.e. n^ « AA, (where A is the proportionality 
coeffidenl). then the wavelengtti ((shortens)), which means ttiat ttie oondrtton of ttie interference maximum in ttis 
case is satisfied for all wavelengtties. funhemwe. for all orders of ttie interference^ i.a for all values of m. Furttier. when 
the same material has anottierttiickness. independence from light wavelengtties can be similarty provided for the inter- 

40 ferenoe mlnmrium condition. The cfirect proportionality of ttie refraction index to the light wavelengtti is a more stiict 
requirement (condition) than simple growtti of the refraction index as ttie polarized light wavelengtti increasea 
[0057] Accord ng to the invention, a polarizer of ttie ( (interference type ) ) is preferable, in which polarizer at least one 
kxrefringent artisotropically absort)ing layer has the maximal value of at least one refraction index being not less tiwi 
1.9. Thereby the necessary nurrber of layers does not exceed 10, and the spectrum region having high polarization 

45 characteristics wMens more tt^ three times as compared witti ttie prototype. 

[0058] TTie carried-out experiments arxJ assessments have demonst rate d ttiat also preferable is a polarizer wherein 
at least one birefringent anisotropically absort)tng layer would have ttie rnaxinrium index of absorption not less tiwi 0.1 
in ttie operating wavelengtti range. 

[0059] TTie optimal a polarizer of ttie ( (interference type ) ) . wherein thicknesses of ttie birefringent anisotropicaOy 
so absorbing layers are seleded such thai to obtain at output of a polarizer the 

ized Bght conpOTent and. simultaneously, ttie interference maximum for ottier orttiogonal llnearty-polarized Gght com- 
ponent 

[0060] Actually, ttie peculiarity of ttie birefringent layers is the mere fact of existence of at least two (fifferent in respect 
of ttieir values, refraction indices, for instanoa and n^ corresponcfing to X and Y axes disposed in the layer plane. 
55 Owing to this fact ttie lay^ thickness and the interference order (m nunt>er) can be selected such that at output of a 
polarizer will be obtained ttie interference nrinimum tor one lineariy-polarized component and, simultaneous, the inter- 
ference maximum fdr the other orttiogonal Gneariy-polarized light component. The interference mininrum can corre- 
spond to th ordanary refraction index, whereby the interference maximum would t>e d^nnined. aooorcBngty. by ttie 
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extraofcfinary refraction index. Th reverse situation is also possible, when the interference mm 
to the extraoRfmary refraction index, whereby the interfer&ice maximum will be determined, acoordinglyp by the ordi- 
nary refraction index. 

[0061 ] Also preferable is a polarizer of the < < interference type > ) , comprising at least two layers, of whi^ at least one 
5 of them is the birefringent anisotropically at)sort)ing layer, and the other layer being the optically isotropic one. whose 
refraction index coincides with, or ts maximally proximate to one of the birefringent layer incfioes. The dfference 
between the otho- birefringent Ic^ refraction index and the r^raction index of the optically isotropic layer exceeds 0^ 
arKj reaches 0.7-0.8. 

[0062] In this version, one Bnearty-polarized component of the incident non-polarized G^. to which component cor- 
10 responcte the extraorcfinary (greater) refraction index of 4ie birefringent anisotropically at)soft)tng layer, is essentiaOy 
reflected from a mutti-layer polarizer owing to the cGfference between refraction incGces at the layers' boundaries. When 
thicknesses of layers and their refraction indices are appropriately selected, the optical travel difference between the 
mvas reflected from boundaries of the same birefringent anisotropically absorbing layer constitutes an integer of wave- 
lengthes, Le. the result of their interference wiD be the interference maximum resulting in mutual intensification of the 
16 reflected waves. Thereby the optical thicknesses of the cpticaily isotropic material layers can be both significantty' 
greater than a wavelength, and be of wavelength order. As the result reflection of the non-polarized light linearty-potar- 
ized component, to whi^ oonponent the extraordirmry (gr^er) refraction index of birefringent anisotropically at)sort>- 
ing layers oonresponds. is intensified significantly. 

[0083] The ordinary (mail) refraction index of birefringent anisotropicafly absortnng layers coincide wHh, or maximally 
20 approaches the optically ieotropic layer refraction index, i.e. there is no difference (abrupt cTmnges) of refraction indices 
at the layers* boundaries. Thus the other lineariy-poiarized component of the incident non-polarized light, to whidi com- 
ponent the ordinary (small) refraction index of birefringent anisofropically absoitxng teyer conresponds, passes through 
a muHi-layer polarizer comvsletely, without any reflections. 

[0064] The other ver^on of the frivention is a polarizer of the < (interference type ) ) , comprising at least two different 
25 birefringent layers, of which at least one is a bfrefringent anisotropicaOy absortsing li^er, one refraction index of which 
coincides with, or is maximally proxinriate to one of the birefringent \ss^etB indices, and the second refraction incfices of 
the bfrefringent layer and the birefringent anisotroptcalty absorbing Ic^er differ from one another, the (fifference between 
the second indices being over 0.2. 

[0065] The interference result to a great extent is influenced by the ratio of intensities, hence t>y ampTitudes of electric 
30 fields of the interfering rays. It is known that the mrninnal intensity values in the interference minimum (equalGng zero, in 
theory) can be obtained in the case of their e()uality. Therefore, it is reasonable to provide the maximum attainable 
equalization of anplitudes of the interfering rays for the interference mlnlrmffn oondittons. which ensures the maximal 
( <t}lanking > ) of rays of the oonresponding component of the polarized fight. To obtain the optimum result of interference 
for ttte interference maximum conditkxis, the reflection coefficients finom each of the layers* boundaries must be 
S5 inaeased. 

[0066] Selection of techniques for manutature of a polarizer acoorcfing to the invention depends on the type of mate- 
rials used for bfrefringent anisotropically absorbing layers and other layers, and is not important the essence of the 
invention. 

[0067] The characterstic feature of the invention is the tact that at least one birefringent aneofropically absortNng 
40 layer can be formed: 

• of at least one organic salt of a cfichroic anionic dye having general formula (IQ: 

{Chromogene} - (XOir)„ where Chromogene is a dye chromophore system; X s CO, SO2, OSO2. OPO(0*M*); 
M = RfrNH2: RR*R'*NH; RR*R**R*N; RR*R*''^P, when R, R*. R**. R* = CH3, CIC2H4.. C2H5, C3H7. C4H9, CeHgCHg, 
45 subsituted phenyl or heteroaryl; YH-(CH2-CH2Y)„-CH2-CH2. Y -O. or NH, nM)-5: N-alkylpyiidinlum catkm, N- 
alkyichirK)linium cation. N-aJl^imidazoOnium cation, N-aDcylthiazolinium cation, etc.; n s 1-7; 

• or ol at least one asymmefric mixed salt of a cfichroic anionic dye with (fifferen^ 



(MAOX-^.nVI,*07CMCH,VZH„{Chromogene}(.ZHCH3VXO^nK-^^^ 

where: 

55 Chromogene e a dye chromore system: Z =S02NH. SO2, CONH, CO, O, S, NH, CH2; p = 1-10; f ° 0-9; g ° 0-9; 
n = 0-9. m = 0-9, n+f = 1-10: m+g = MO: X, X* = CO, SOj, OSO2, PO{OW): M * MflVI, li| « H; nonKjrganic cation 
of the fblkywing type: NH4. U, Ma. K. Cs. Mg, Ca. Ba. Fe. Ni. Co. etc.; organic cation of the fbOowing type: HHH^, 
RRNH2. RR*R*'NH; RR*R* R*N; RR'R"R*P, where R,R*, R**, R* = alkyi or sitetituted alkyi of the following type: CH3 
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aC2K4. HOC2H4, C2H5. C3H7, C4H9. CeHgCHz. substituted phenyl or heteroaryt. YH-{CH2-CH2Y)k-CH2CH2-, Y = 
O. or NK k « 0-10: hekeroaromatic cation of the toilowing type N-alkytpyridiniuni, Nnalkytohinollniura N-alkylimida- 
zoitnium. N-alkythiazoliniuni etc.; 

• or of at least one associate of a dichroic anionic dye with surface-active cation and/or amphoteric surfactant of gen- 
eral fbrmuia (tV): 

JfirOX.)«I]Vro-XXCH2)p.Z-lg {ChromogcM^X^ZKCH^VXOSURl, (XOSUR^. 
where 

Chromogene e a dye chromophore system; Z^SOaNH, SO2. CONH. CX). O. S. NH. CH2: p « 1 - 10: f& 0-4; g >=0- 
9; n - 0-4. m - 0-9. n4l - 1h4; rntg « 0-10: X, X* - CO, SOg. OSpg, POCO M*); M - H; norvorganic cation of the 
following type: NH4. U Na, Cs, Mg, Ca, Ba. Fe. Ni, Co, etc.: organic cation of the fbflowing type: RHN3. RFTN^^. 
RR'R'NH; RR'R"R^: RffR^R*?, whwe R,R\ R", R* = alkyl or sut>stituted alkyi of the following type: CH3 OCgH^. 
HOC2H4. C2H5 - C10H21 . C6H5CH2. substituted phenyl or heteroaryl, YH-(CH2-CH2Y)k-CH2CH2-. Y = O. or NH. k 
m 0-10; hetmaromatic cation of the following type Nnaikytpyridinium. N-alkylchinoltniun% N-alMmidazolinium. N- 
alkyltttiazolinium, etc.; ICSUR^, SUR = KSUR*. ICSUR^. AmSUR. where: KSUR* and (CSUR" are surface^ctive 
catfons. AmSUR is amphoteric surfactant; 

• or of at least one associate of a dichrok: catioroc dye with a surface-active anion and/a an amphoteric surface- 
active dye of general fbrmula 00: 

(lirO'X-)„ pyrox-(CH2)^-Z-lg {Chromogene^} SUR, where Chromogene is a dye chromophore system; Z 
=S02NH, SO2, CONH, CO. O, S, NH, CHg; p = 1 -10; g « 0-1 ; m n 0-1 ; nHg=1 ; X = CO, SOg. OSOg, PO(O M*); M 
= H; non-organic cation of the foOowing type: NH4, U, fsia. K. Cs, Mg, Ca. Ba. Fe, Ni, Co, eta: organic cation of the 
following type: RNH3 RR'NH2; RR'R"NH; RR'R"R*N; RR^R'^R'P. where R. R\ R", R* - a»^ or substituted aikyi of 
the fbikjwing type: CH3. aC2H4, HOC2H4. C2H5 - C^qHzv CeHgCHa, substituted pheriyl or heteroaryl. YH-(CH2- 
CH2Y)k-CH2CH2. Y = 0. or NH. k = 0-10; heteroaromatic catfon of the fbltowing type: N-alky^)yridinium. N-all^chi- 
nolinlum, N-alkylimidazoOnium. fsl-alkyfthiazoCnium. etc.; KSUR* (surface^active cation), SUR = ASUR*. AmSUR, 
where: ASURr Is surfoce active cation, AmSUR is amphoteric surfactant; 

• or at least of one associate of a cfichroic cationic dye with a surface-active cation and/or amphoteric surfactant of 
general fbnmuta(VQ 

{ChroniogeneHZ-(CH2}p * X* RR'R" SUR]„ where Chromogene \s a dye chromophore system; Z » SO2NH, 
Spg. CONH, CO. O. S, NH. CHg; p - 1-10; X - N, P; R. R\ R" - allyl or substituted alkyI of the following type: CH3. 
CiC2H4. HOC2H4. CgHg, C3H7. SUR sASUR", AmSUR. where: ASUR" is a surface-active anion, AmSUR Is an 
amphot^c surfactant; n » 1-4; 

• or of at least one water-insoluble cfichroic dye and/or a pigment that do not contain fonogenic or hydrc^hilic groi^js; 

• or of at least one ksw-molecular thermotropic liquid-crysbl substance being a cfichroic dye or containing, as a com- 
ponent, a liquid-crystal and/or a cfichroic dye other than lk;|uidK:ry8tal dye and vitrffied in this or othor mannor. for 
exan^e after appOcatfon of a teyer by curing using ultraviolet radiation; 

• or of at least cn polymer material other than liqiAd-crystal one, with a oontroDed degree of hydrophifidty, dyed with 
a cfichroic dye and/br an iocfine oorrpounds; 

• or of at test one polymer themioptropfo llquki-crystal and^or non-liquid crystal sitetance comprising solved in 
mass and/or chenrucalty t)onded with a polymer chain cfichroic dyes, and tmving thickness not less than 0.2 mem; 

• or at least of one dichroic dye capable of fomning a tyotropic fiquki-crystal phase and having thickness not less than 
0.1 mem; 

• or at lea^ of one dichn)fo dyed the polymer structure, and having thicM mem: 

• or at least of one water-soluble organic dye capable of forming a stable lyotropic fiqutd-crystal phase of general for- 
mula {Chromogene} (SQ3M)n> where Chromogene is a dye chromophore system: M - H^, a non-organic catfon: 
and having thkiviess not less than 0.1 mem; 

• oroftheorntos. 

[0068] At ieast one dichroic anionic dye of gmeral formulas (ll-IV) can be selected from the fbOowing: 

• dyes capable of forming a stable lyotropic Hquid-cry^ phase. e.g. suHo-acids of derivatives of indanthcrne. suSfo- 
acids of derivatives of symm^ric cfiphenykfiiimides and disenzimidazoles of naphthalene-1, 4,5.8-, perilene- and 
antathrone-3,4,9,10-t6tracartxx)cytic adds, direct yellow lightfast O [4], etc; 

• direct dyes, ag. benzopurpurene 4B (CI. 448), C.I. direct orange 26. C.I. cfirect red 48 or 51 . CI. direct violet 88. 
CI. direct blue 19. etc.: 

• active dyes (triazinic, vinylaiffonic or Protions T), for example, CI. active red 1 . CI. active yellow 1 . CI. active btue 



9 



EP0 961 138A1 



4, etc.; 

• acid dyes, for exampi various derivatives of bromaminic add. add bright-red anthraquinonic N8S, bright-blue 
anthr^uinonic (CI. 61585). add green anthraquinonic N2S (C.I. 615890). add bright-green anthraquinonic N4Zh, 
C.I. add red 138. CI. add yellow 135. C.I.. add red 87. C.I.. add black 1. eta 

• of the series of suHo-adds of polycydic dyes. e.g. asymmetric phenylimides and benzimidazoles of naphthalene- 
1 ,4.5,8-, penlene- and antathrone-3.4,9.10-tetracarbQxylic adds, disutfo-adds of derivatives of indgo, thidndigo or 
chinacrydone [Application for RF patent 95117403 Bl N 26 (1997). p. 239] and other suKo^adds based on the vat 
dyes and pigments. 

[0069] At least one cfichrdc catiordc dye of general formulas (V-VI) can be selected of the fdlowing: 

• luntinescent dyes: pdemethinic (cyaninic hemicyartinic etc.) dyes; arylcartx)nic dyes; heterocycGc derivatives of di- 
€md triary^enylmethanes. Ihiopyranaiic. pyroninic, acridintc. oxazlnic. thiazinic, xanthenic. azinic; etc. dyes. 

[007Q] At least one dichrdc dye and/a pgment not containing ionogenic or fiydrophilic groups can l>e selected from 
thefoDowing: 

• vat dyes; dispersion dyes; anthraquinonic dyes; indigoid dyes; azo-compounds; perinonic dyes; polycydic com- 
pounds; heterocydic derivatives of enthrone; metal complex compounds; aromatic heterocydic compounds: lumi- 
nesoentdyes. 

[0071] For the purpose to provide n^essary physical-mechanical, adhesive, equalizing, fim-forming, etc. properties, 
at least one birefringent anisotropically absorixng layer of a polarizer, besides the above-mentioned dyes can further 
corrprise amocfifier. in capacity of which mocfifier. hydrophnic and hydrophobic polymers of various types can be used, 
including liquid-orystal and hydrophobic polymers of various types. Indudng liquid-crystal and stficornarganic polymers; 
plaslidzers and varnishes, indusive of sflicon-orgar^ varnishes, as weO as non-ionogenic surfactants^ 
[0072] Use of a mocfifier also allows to decrease light scattering, which Is possible due to the presence of microdefects 
in a birefringent anisotropically absort>ing layer. 

[0073] The above<fiscussed versions do not limit the possibilrty of using other materials for forming birefrmgent ani- 
sotropically absorbing layers for the proposed polarizer. 

[0074] A birefringent anisotropically absort)ing Ic^r In the proposed polarizer can be both soOd and liquid. 
[0075] It should be noted that the above-mentioned materials can be used for forming a birefringent anisotropically 
absorbing layer for manufacturing not only a polarizer of the ((interference type)) but also lor the below-daimed and 
based on other physical phenomena polarizers and LCI elem^ based thereon. 

[0076] For manufecture of the proposed polarizer, aqueous, water-organic and organic solutions of appropriate dyes 
(ll-VO that can be prepared by a cpfadual inaeased concentration of the cBluted solutions (e.g. by evaporating or rnem- 
brane ultrafiltrBtion), or by solving the dry dyes in a relevant solvent (water, a mix of water with alcohols, bipolar aprotic 
solvents of DMFA or DMSO types, cellosolves. ethylacetate and other water-misdble solvents) ip to the necessary con- 
centration. 

[0077] Depencfing on the technique used lor forming a layer, dye solutions having concentration of 1 to 30% are used. 
[0078] When the method according to [US Patent Na 2 544659 (1951)] is used, it is advisable that on the preliminary 
rubbed in the requred directk>n surface of a sut)strate the more diluted solutions win be applied, while when a layer 
formed without preliminarily rubbing of a substrate using the mechanical orienting according to the technique of [appli- 
cation PCT WO 94/28073(1994), more concentrated dye solutions, induding the solutions forming a stable lyotropic liq- 
uid-crystal phase, are used. 

[0079] The mechanical ordering of stable U-C conposttioned basing on dyes (ll-VI) can be done by action of the 
forces causing the tension strani on meniscus created in time of the wedging-out detachment of one surface from the 
other, iMtween which suriaces a LLC layer is cG8trat)uted, or in tirne ^ 
simultaneously with application of LLC on the SLdastrate si^faca 

[0080] Orienting of LLC of the substrate surface under a Clearing force can be executed when LLC is applied using 
a die or doctor blade; the latter can of the blade or cylindrical type. 

[0061] Dye solutions (ll-VI) can further contain, besides the water-misdble organic solvents, the non-ionogenic sur- 
factants, t)inderB and f Om-forming reagents, and as such the fbflowing can be used: polyvinyl alcohol, polyvinylpyrro- 
lidone, polyacrylic add and its esthers. potyacrylamide. poly^hylene oxide and polyethylene glycols, pdyprop^e 
glycol and their copolymers, ethytic and oxyfHopyGc esters of oelMose, sodium salt of cartXBcymethyl cellulose, etc. Fur- 
ther, to improve the stabflity, the dye solutions can comprise hydrotropic adcfitives of the amides series, ag. cfimetf^- 
formanr^e. alKylamides of phosphoric add. cart)amide and Hs N-substituted derivatives. N-atkytpyrrdidone, 
(ficyanamide. and ateo their mbctures and rraxtures of amides and ^ods. 
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[0062] Dyes (f i-VI) can be also used for iorming birefringent anisotroptcally absorbing layers and in corrbcnations with 

non-organic salts of dichroic anionic dyes of general fomula (Q. 

[0063] To prochice the dyes* solutions (ll-VI). a nunrter of techrvques can be utaized. 

[O0B4] One technique constets in a sequential step^wise neutralization of cGluted solutions of appropriate carbaxyfic. 
phosphonic adds or sulfo-adds of dicfvoic anionic dyes using differ nt bases, in capacity of which the following can be 
used: metal hydroxides. aGphafic or heterocycfic amines or hydroxides of tetra-substituted cations of ammoniunrt The 
used adds of dyes are cleared beforehand from mineral salts, for example they are washed by hydrod^c acid, with 
subsequent drying at lOO^C. 

[OOBS] The other technique consists in heating of sdutions ammonium salts of cGchroic anionic dyes having a calcu- 
lated (^jantity of the relevant base at the temperature not ever 60^C. whereat the released ammonia volaHles, and an 
appropriate mixed salt is formed, wherein one of the cations wOl be the ammonium cation. Also can be used ordinary 
reactions of cation exchange using the ion-exchange resins or the membiane technology. 

[00B6] The third universal technique, suitable for preparing asymmetrical salts of dichroic dyes containing organic cat- 
ions, consols in exchange of varioie ions using fhe menforane technology techrw^ues which sinuttaneously aOow to 
piffify the cfichroic dye solutions. 

[0067] To obtain associates of <£chn>ic dyes comprising fonogoiic groups, or their mixes with at le^ one mole of 
surfaoe-acti\^e ions, or thdr rraxes. a number of techniques can be used. 

[0068] One of the techniques consists in neutralization of the diluted solutions of the respective acidic forms of dich- 
roic anionic dyes using aBphatic or heterocydic anrtnes or hydroxides of tetrasubstituted ammonium cations containing, 
as one of substituents. a hydrocaibon radical wnth 8-10 cart)on atom& The used dye adds are beforehand purified of 
n^eral salts, for example they are washed using hyctochlcric add with subsequent drying at lOCC. 
[0069] The other technique consists in heating of solutions of ammonium salts of dictmic anionic dyes, having rele- 
vant surfaoe^acfive bases, at the temperature not over 60^C, whereat the released ammonia volatiles, and an appropri- 
ate associate is fonmed. Also can be used orcfinary reactions of cation exchange using the ion-exchange resins and the 
membrane technology. 

[0090] The third method suitable to obtain associates of any cfidiroic dyes comprising 

tures with at least one mole of the surface-active ions, or their mixes, corisists in exchange of various ions for the sur- 
face-active ion& The exchange can be done using the membrane technology techniques, which also allow 
simultaneous purfftcation of assodate solutions of cfidvoic dyes comprGing ionogenic groups, or their nixes with at 
least one mole of surface«ctive fons, or their mixes, from undesired non-organic and oiganic impurities. Introduction of 
complexones, for example trylone B or < <crown-6ther8 ) > of different types into a solution In the course of the men^^rane 
purification, allows to elintinate multi-valent cations (Ca. Cu. Al. etc.). which also can be a cause of formatfon of micro- 
partides and a sediment 

[0091] Different techniques can be used for forming a polarizing coating from a water-insoluble dichroic dye and/or 
pigment not oontaning ionogenic or t^rophilic groups, or their mixes, which, as a rule, are not reacfily solifote in most 
organic Solents. 

[0092] Thi^ lomfiation of polarizing coatings on the basis of the vat dyes, anthraquinonic derivatives, perynonic and 
polycydoquirxHiic compounds can be essentially carried out k>y the following mettKXis: 

• Appfication on the substrate surtace. with simuttaneous orienting action, of solutions of non-organic and organic 
^jtfuric add ethers of the reduced forms of said dyes (of the vatsdes type), which can exi^ in the lyotropic Rquid- 
crystal state. Thus formed oriented layer of sulfuric add ethers is further siAiected to oxidizing hydnolystSw Thereby 
the oriented layer of the dye that is already the water-insoluble one is formed upon the surface. 

• AppOcation on the substrate surfoce. with drruittaneous orienting action, of the redu^ 
leucacompouncte type) in the form of solutions of various salts (non-organic and organic), which also can exist in 
the lyotroptc liquid-crystal state. Thus fomned layer is further si^ected to chemical or eiedroch emi cal oxidation, 
whereby a layer of a dye that already is water-insoluble is formed. 

• To proc&jce a polarizing coating on the basis d the water-insolubiesyni^^ 

nyldlimides and dflOfftzimidazoles of 3.4.9.10 - perilenet^racaitxixylic add (PTCA). the appropriate derfvarives of 
1 ,1 * -binaphthyl-4.4\5.5',8.8 -hexacartxxxylic add (BHCA) oi the form of solutions of non-orgartic and organic salts, 
which can also exist ni the lyotropic liquid-crystal state, can be used. In further chemical and electro ch e mi cal reduc- 
ing treatment or in the UF-radiatfon. derivatives of BHCA are cyded. fbmiing the oriented layer of derivatives of 
PTCA. 

• Further technique also suitable for fomrting the polarizing coatings on the bam of pigments consists in applicatton 
on the substrate surface, with simuttaneoi^ orienting action, of fyotropic liquid-crystal sdutions of dichroic dyes 
and/or pigments in sulfuric add or deum of various concentrations. Formation of th water-insoluble oriented layer 
takes place in subsequon careful diution of the add by water, which dQutfon can be d^ 

aeated over the layer. 
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[0093] Formation of the birafringent layer on the substrate surface under action of a shearing force can be inY)le- 
mented by applying the solutions using adie or doctor blade, the latter can be of the letife or cyftndrlcal type. 
[0094] In forming a birefringent layer: magnetic, electromagnetic and electrostatic fields. tTat can be used in the cases 
when the appGcation period is not Gmfted. can be utilized, or for manufacture of a polarizing coating diluted solutions are 
used. 

[0095] Toobtain a birefringent layer on the basts of metal conplex dyes, dyes can t>e metallized (firedly on the sub- 
strate surfoca For this purpose, on the substrate prelinrBnary applied is (eg. by the directed deposition) the oriented 
layer of metal oxides, whereafter the surtace treated by solution of an appropr^e dye. Thereby utira-thin oriented lay- 
ers of water-insolUsle m^ complex dyes, espedaBy suitable for manufacturing the interference type of the claimed 
polarizer, can be produced. 

[0096] A more universal technique for obtaining a birefnngent layer on the basis of the water-insoluble dichroic dyes 
and/or p^ments oonsists in preparation of special output fornrs obtained by dspersion of said dyes to produce aniso- 
metric particles not larger than 0.5 nxm, and having the length-diameter ratfo not less than 20. For stabffization of such 
output forms are varfous surfactants. On the basis of the so produced output fo 

trated (content of a cfichrdc dye and^or pigment or their mixes, being not less than 10%) systems in different solvents, 
including water, in monomers or melts of polymers. Thereby the so produced systems can exisK also in the Bquid-crystal 
state. When swrfi higWy-conoentrated systems are Qpplied to the substrate surface, with sintultaneous orienting action 
and with subsequent relevant treatment produced is a birefringent anteotroptcally absorbing layer. In case the solvent 
is removed (by evaporation or dilution with subsequent washing), formed is a polarizing coating con^ting mainly of a 
(fidwoicdye and/or pigment In the case a monomer or a molten polymer Is used, thicker (to 5 mem) polarizing coatifKls 
are formed. 

[0097] The applicatfon m^hod selection is deternwied also by the type of a substrate, that can be a sofid, flat, spher- 
ical or cylindrical, transparent or reflecting surface of an oiganic or non-organic glass, silicate glass bearing a deposited 
semioonductor layer, sQloon plates bearing the deposited aluminium layer. 

[0098] To form birefringent anisotropically absorbing layers, the following standard n^od can be used: application 
by roOer, doctor blade m the form of a rotatng cyfind^. appfication ^ 

ard equipment for applying various coatings can be used, for example units of vamish-paint industry, and also printing 
equqpment of various types, inclusive of f le»)graphy unita 

[0099] fo certain cases, after application the appfied layer is dried so that solvent In other cases, 

for exarrple for the thennoplastic polymer materials and vitrifying materials, the applied layer is coded after appBcalion. 
[010Q1 Other methods that can be used for obtaining birefringent anisotropically absorbing layers of the materials that 
form the liquid-crystal phase in the course of their applicatfon consist in application of such material according to US 
Patent No. 2 S24 286 on the sub^rate prepared beforehand for orienting the liquid-crystal phase. One of these tech- 
niques is the unidirectional rubbing of a sut)strate or a thin polymer layer applied thereon prior to such rubbing - known 
and utifized for orienting the thermotropk: low-molecular liquid-crystal nmces in manufacture of LC-displays. 
[0101] Another techr^ue for obtaining birefringent anisotropicaOy absorbing layers is the known technique of photo- 
orientation of layer, appfied In this or other manner, by irradiating the same by the lineariy-polarized iJtraviolet light 
[0102] For applk»tion of bir^ngent anisotropfoally absorising layers from thermotropic polymer materials, extruders 
can be used, including those having a rujniber of flat dies and allowing to apply at one ain several layers of drffermt 
polymer materials of the required thickness. 

[0103] The above^liscussed materials, methods of thdr preparation and techniques for fbmiing on their basis of bire- 
fringent anisotropicaDy absorbing layers can also be used in manufacture of polarizers of other types and LCI elements 
described belcw in the proposed invention. 

(01 04] The proposed polarizer of the interference type can be emboded both in the combined form, i.a operated both 
for <{r€llection)> and «transmisslon», and tor operation only fbr <<reflectfon». In these case the enfoodbnent version 
is a polarizer comprising at least one l^ht-reflecting layer. The lig^-reflecting layer can be a metalBc one. Application 
of the Oght-retflecting layer also pennits to select the optimum, for the interference, reflectfon factors from the polarizer 
boundaries. 

[01 oq In manufacture of a polarizer, the first layer to be applied onto a substrate can be both the light-reflecting l^er 
(a partially or completely reflecting mirror), and a birefringent anisotropically absortung layer. 
[01 06] The reflecting layer can be made both of a metal, and in the fonn of multi-layer dielectric mirrors of interteaving 
layers of nraterials having an high and low refractfon incfices. 

(01 07] Metallic coatings are sufficiently simply appGed. fbr example, by thennal evaporation in vacuum, but thereby In 
such coatings, absorption of light takes place, which diminishes transnrtission (reflection) of a polarizer. To obtain the 
reflecting metaOic coatings, aluminium (Al). silver (Ag) and other metals can be used. 

[01 08] In case of multi-layer dielectric minors, there s no light absorption thwein, but the process of ttieir application 
is rather complex and arduous. TO2, MgO, ZnS. ZnSe. ZrO^. cryollle and polymers as the materials having an high 
refifaction index can be used fa these coatings, and as the materiate having a low refraction index the following can be 
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used: SiOs, Al^s. CaFa. BaFs MgFj AIN, BN, or polymers. 

[0109] For application of the reflecting layer onto a substrate or a polarizer, the foUowing standard methods can t>e 
used, for example, thermal evaporation in vacuum, application In pairs with sutjsequent thermal treatment, magnetron 
sputtering. 

5 [0110] As the 8ut)strat6nf)atenal whereon a polarizer operating and, possibly, for ((reflection)} 

can be applied, any materials transparent in th operating wavelength range, can be used, for exanple quartz, glass, 
polymer and other. 

[0111] As the substrate nratertal whereon a polarizer operating only for ((reflection)) can be applied, along with the 
materials transparent in the operating wavelength range, for example quartz, glass, polymers, othw any materials 
10 opaque in the operating wavelength range, for example metals, semiconductor materials, glass ceramic, plastics and 
other can be used. 

[0112] Use of said birefringent anisotropically absorbing layer having an unspecified thickness, i.e. the thickness 
whereat the interference extremum at output of polarizer at least for one linearly-polarized light component is not real- 
ized, allms also to aeate a polarizer of the dchroic type. 

16 [Oil 3] A birefringent anisotropically absorbing layer is the oriented in a certain direction moleculariy-ordo^ed dye 
layer, wherein planes of nfK)lecul6s and the dtpote moments lying therein are homogeneously oriented relative to the 
direction which is deterntined either the surface anisotropy, <»' by the mechanical orientation cfirection. 
[0114] Princqsle of operatbn of said polarizer is based on that the non-polarized light in passing throu^ said layer m 
partially absorised by the dye chromophore system. Thereby passes only that portion of the light waves wherein the 

20 electromagnetic field electric component oscillations direction is perpendicular to the optical transition dipole moment 
(Fig. 4). 

[01 1 5] It should be noted that depending on the used dye, the claimed polarizer is capable of providing polarization 
not only in the vsSble portion of spectrum, but also in the UF-regfon. as welt as in the nearer IR-region. In case of use 
of dichroic dyes having absorption only in the UF-region. the bir^ngent layer can be used as the phase^jetoying lay- 
25 ers. 

[01 1 6] The essential extinguishing feature of a polarizer of the dichroic type accorcfing to the invention is the circum- 
stance that at least one birefringent anisotropicayy absorbing layer is formed of dyes (ll-VI) and/or of a water-insotuble 
d&dhrdc dye and/or pigment not containing lonogenic or hydrophilic groups. 
[0117] Use of said dyes allows to: 

30 

• improve the polarization charactertetics and make an highly-efficient faultless polarizer, which, in contrast to the 
known polarizer of application PCT WO 94/28073 (1994) has, apart from a low conductivity, a controlled capacity 
tor LC orientation; 

• make a polarizer exhibiting, apart from good dielectric properties, an high resistance to moisture effects; 
35 • broaden assortniem Of the dyes suitable for niamjfacture Of highly-effid 

[0118] As distinct from the dyes used lor manufacture of the polarizer known from applfoatfon PCT WO 94/28073 
(1994). use of said dyes (ll-VI) aDows to regulate the hydrophobic-hydrophiltc balance in molecules of a dichioic dye. 
which is of a great importance for creating the lyotropic Bquid-crystal (LLC) phase. Thus, creation of a certain hydropho- 
be bic-hydropl^lic balance is one of the oondiltons to create the over-molecular aggregates of such dye molecules, 
whereby when a certain ocmoentration of such aggregates is reached, a solutton transits into the ordered fiquid-crystal 
state. When a solutionis applied in the LLC state one the substrate surface, with simultaneous orienting action, a bire- 
fringent anisotropicaOy abscirbing teyer can be formed, wherein planes of the dichioic dye molecules* chronrK)phorB sys- 
tems and the optical transition cfpole moments lying thereon are oriented retettive to the direction that can be 
45 deternrtined either by the surface anisotropy. or the action effected by magnetic or electromagnetic fields. 

[Oil 9] A particular strong influence effected upon the hydrophific-hydrophobic balance is seen when at least one ion 
of the organic fons (dyes ll-VI) is used. Owing to the circumstance^ stable lyotropic liqiod-crystal phases can be 
obtained also for the dye solutions which in the fbnnri of non-organic, synmietric salts or acids are not capatile of ^ 
the LLC phase. 

so [01 20] For example, as the r^lt of condensation of dyes %vith a SUR fonmed are associates having the SU R prop- 
erties and the peculiarity to be aggregated with formation of micelles (aggregates), including the anisometric forms. 
[0121] DepoTKling on the nurrfoer of iogenic groijps. on the molar ratio and the type of the surface-active fon. a mol- 
ecule of a cfichroto dye can be both the hydrophQic (polar) component, and perfonn the finctfon of the hydrophobic por- 
tion of a SUR. Thus, in the presence of two ionogmic groups in a dichroic dye molecule; when said dye is condensed 

55 with one mole of the surface^ctive ion, fomned is a surface*active associate, wherein the hydlnophific portion is directly 
associated with tl^ dye molecule. When a dichroic dye with one fonogemc gmp with one mole of airphoteric SUR is 
suk^ected to condensation, there will be produced an associate, wherein the dye molecule will be in the hydrophobic 
portion. Below wiD be given examples of cfifferent combinations of various types of dyes having difterent types of the 
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surface-active ions and surfactants. As the result of Budh condensation there wvai be fcmned the associates having the 
SUR properties and the peculiarity to aggreoate with formation of mioelles (aagreoates). including those of the aniso- 
metric femt The dic^woic dye molecules can be arranged thereby both at the per^hery. and inside aggregates or 
micelle& 

5 [0122] In case the dye molecules are anranged intemafly, w the surface of the birelringent anisotroptcaOy absoitxng 
layer there wffl be located SUR hydrocarbon radicals which are a good orientant for a liquid-cry^. By varying the rad- 
ical structure, tfie orienting capacity d PC can be modfied. which is imports 

[0123] The presence of the Icw-nration organic ions In the polarizing coatings of the claimed optical polarizer results 
in a low conductivity, which in its turn lowers the energy consumption and thereby prolongs service Gfe of the liquid-crys- 
10 tal devices. 

[0124] Surface^active properties also provide a good wettability and adhe^ 

tion of which composttions on the substrate surface, after drying, produced are fauMess homogeneous PCs, having the 
thickness variety not exceeding S%. 

[0125] Use of associates of dichrok; dyes (IV-VI) comprising ionogenic groups, or their mixes, with at least one mole 
16 of the surface-active tons, or their mixes, allows to control the hydrophobic-hydrophilic balance in a d chroic dye mole- 
cule, which Is Important for creation of the lyotropic BquldK^r^ phase. Thus, creation off a certain hydrophobic- 
hydrophtlic balance is one of the condition lor forming the over-molecular aggregates of such dye molecules, whereby 
wh&i said aggregates reach a certain concentration, the solution transits into the ordered iiquid-cryslal stata 
[0126] One of the peculiarities of the associates based on the dichroic dyes having the surfe 
20 bllity to inaease, owing to the solubDization phenomenon, the solubility of the water-insoluble dyes in water and aque- 
ous-organic n^ia. which allows to obtain a polarize, wherein at least one birefringent anisotropically absorbing layer 
additionally contains a solutDilized dichroic dye. Depending on the structure, the dpole moment of the solubilized dye 
optical transition can either coincide with the associated dye optical transition dfxHe moment or situated at a certain 
angle thereta This deperKte both on the surtoce-active ion structure, and molar ratio of dye : SUR In an associata 
25 [0127] Apart from its action effected upon tfie hytfrophobic-hydropNtic balance, the nature of an orgar^ ion and. in 
particular, of a surfactant effects a strong irtf luence ipon sdublity of associates in different solvents, wivch in its turn 
influences the size of aggregates and the process of fomiation of the LLC phasa 

[0128] Thus, variation of two factors. i.e. the hydrophobio-t^rophiiic balance and solubility of the (Schroic dye asso- 
dates containing the Ionogenic groups, or mixes thereof, with at least one mole of an organic ion and/or surfece-active 

30 ions, or their mixes, aDows to control both the fbmrialion process and type of the LLC phase. The molecular ordering 
degree also depencte, in its turn, on the above^iescrbed circumstance and. hence, the polarization parameters of the 
PC formed after a LLC composition is appfied on the substrate surface, with subsequent removal of a solvent. 
[0129] Absence of ions in the birefringent anisotropically absoriaing layer on the b^s of a water-insolii>le dichroic 
dye and/or pigment not containing the ionogenic or hydrophitic groups, or mixes thereof, provides hi^ dielectric prop- 

35 erties of the claimed polarizer, which results in lowering of the energy consumption, thereby extending service life of the 
liquid-crystal devices. 

[01 30] Use of the water-Insoluble (fichroic dyes or pigments for fomnation of a bir^ringent anisotropically absorbing 
layer, apart from a low conductivity provides an high resistance to effects of moisture Further, manufacture of the 
claimed polarizer does not require any synthesis of special dyes or pigments, lor the oonrwnercially available dyes and 
40 pigments can be used. 

[01 31 ] Use of the birefringent anisotropically absortung layer fbrmed of dyes (I hVI) and/or water-insoluble dichroic dye 
and/or pigment not containing the ionogenic or hydrophilic groups, or mixes thereof, allows to prodece a thermally sta- 
ble and Gghtfest polarizer: 

45 • wherein at least one birefringent anisotropically absorbing layer is tonmed upon the substrate surface in the fomi of 
a film or plate of organic and non-organic materials; 

• which, as the substrate, comprises a birefringent plate or fDm, at lea^ one birefringent ansotropicdiy absorbing 
layer being fbrmed at angle of 45** to the main optical axis of said plate or film. 

• wherdn at least one birefringent anisotropically absorioing feyer comprfees at least two fragments of unspecified 
so form, which are conpl^ely different from one another in respect of colour and the polarization axis cfirecbon; 

• which further comprises at least one birefringent anisotropically absorbing layer containing at feast two fragmenis 
of an unspecified shape that are cGfferent from one another in respect of colour and the polarization axis cfirection ; 

• which further comprises, betwe^ birefringent anisotropically absotbtr^ layers, the layers of transparent colourless 
ordyedmat^s. 

55 • which further oorrpises the Orienting feyo'fomned Of non-organic rn^^ 

• which further oonprises the light-reflecting layer; 

• wh^eln the light-reflecting layer is metaDic ona 
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[0132] For manufacturing a polarizer wherein at least one txrefringent anisatraplcafly atssortaing layer comprises at 
least tMTO fragments of an unspecified shape, which are different in respect of colour and/or the polarization axis direc- 
tion, the fbOowing technique can be used: using a printing method (Rexo-stencaing. relief or gravure) on a layer, having 
the homogeneous polarization vector, applied is a pattern in the form of a water-insolUble varnish of the necessary 
form. After the varnish is hardened, the exfxjsed layer is washed by an appropriate solvent (water, or a rnixd water w^ 
an organic solvent). Then the other layer is again appGed on the substrate, which layer is of a different colour and the 
polarization vector than the fixed bir^ngent layer made of said vam^ Then a layer of varnish of the necessary form 
is appGed once again, whereby the previous pattern remains exposed. After hardmiing and sidssequent washing, a 
polarizing pattern e produced, said pattern having portions of different colours and the polarization vector direction. 
[0133] Using (fifferent techniques of the mutti-roOer printing, multicolour polarizing pattems can be applied accord 
to <<ioll^roll)) technique 

[0134] Use of various glues instead of a varnish allows to ntanufactire a po^ 

f anta Application of a glue layer on a birefringent anisotropically absorbing layer in the form of a pattern, with subse- 
quent transfer of the birefringent anisotropicaDy absoriaing layer on any surface, can be used both in manufacture of LC 
indicators with the extenial arrangement of polarizers, and for different kinds of protection of trademarie or for obtaining 
(fiv&se colour ^ects, for example, in advertising. In case of manufacture of a polarizer acconfing to the glue technic^, 
the reverse transfer technique is also possitsle: application of a glue layer of a necessary fonm on the requred surfoce. 
application of a film bearing tiie applied thereon birefring&it antsotrcpically absorbing layer on a glue, and detachment. 
A birefringent anisotropically absoibffig layer correspondng only to the glue layer form wQI be removed from the film sur- 
face to a required surface. 

[0135] Use of dyes (ll-VQ and/or water-insolUbie dichroic dye and/or pigment not containing ttte tonogenic or 
hydrophilic groips. or mixes thereof, allows to realize the techrtique of layer-t^-layer application of birefringent aniso- 
tropically absortxng layers. As a result a polarizer corsi^ng of several applied one upon another birefringent aniso- 
tropically absorbing layers, each consisting of several tragmenls of an unspecff 
of colour and ttie poteirization vector direction, can be produced. 

[0136] The next layer of the sanie dye or of other one can be applied (firectty on the previous layer. V 
(fiate layer of a transparent material, which can t>e eittter oolourtes or dyed. Thereby tfie next li^er polarization vector 
(firection can be varied in an unspecified manner relative to the (firection of axes of polarization of the previous l^er. 
[0137] When the polarized light plane is rotated in a polarizer, brightening of some regions and dy^ng of the other 
ones (in case of monochromatic polarizere, wherein different portions of the same colour have cGfferent polarization 
vector cErection) can occur. In case of of different dyes, in rotation of the polarized light plane, either vanishing of 
the dyed In dKfarent colours pattern (in the case when regions of different colours have the same polarization vector 
cErectlon). or sequential vanishing of portions of different colours tttat differ fonn one another in respect of the polariza- 
tion vector, will occur. The atxve-recited examples of polarizers are of an interest in tfie aspect of creating special col- 
our effects (advertising, show-business), for protection of trademarks and securities. 

[0138] The sut)strate surface, in forming a birefringent anisotroptcaOy atisorbing layer can be further mocfified using 
cfiffer&it suthlayerB, inducfing the optically active ones, for example the Gght-reflecfing. in particuter. cfiffusion-ref lecting. 
txrefringent or phase-delaying layers. Thus produced is a polarizer, characterized in tfurt between the substrate and 
polarizing coating additionally comprised is a Oght-reflecting layer which can serve also as the conductive layer. 
[0139] When a quarter-wave bir^ngent plate or f9m. for exarTV)le of a polyvinyl adohol or polyethyleneter^ihthalate 
are used as tiie substrate, and when tiie birefringent anisotropically ab60rt>tng layer is appGed at angle of 45*" to the 
main optical axis of the ^Jbstrate. a drcutar polarizer can t>e produced (Fig. 5, a and b is tiie cBrection of the ordireuy 
and extraordinary rays, respectively, and n is tiie polarizing layer polarization vector direction). Thickness of the birefrin- 
gent flm mist meet the following requirement: 

d(non,)=X/*+mX/2. 

where d is thickness of a polymer film: no and n^ are the ordinary and extraorcfinary refraction inoBces: X is wavelengtii; 
m is an integer. 

[0140] When ttie birefringent anisotropicaDy absorbing layer is fonned on polymer films (pdyettiyleneterephtiialate. 
polycarbonate, tiracetyl cellulose, other transparent fOm materials}, polarizers in ttie form of flexibto polarizing films, 
including eetf-gf uing films, can t>e obtained. 

[0141] Fbr manutocture of the claimed polarizer. cGfferent glues, including polyvinylbutyral. can be used fbr produdng 
various types of lanvnated structures, for eocanpfe triplex glasses or mufti-layer fSms, which is of an interest for automo- 
tive industry and architectiffe. 

[0142] As seen in IWes 1-3, pdarisers of ttie dichroic type acconfing to tiie invention apart fo^ 

exhfoit an high resistance to effects of moisture and an higher dichroic ratio as compared witti tiie polarizer according 

to appGcation PCT WO 94^8073 (1994). 
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[0143] Furlhdr, the claimed polarizers have homogeneous properties across their area, one of critaria of which prop- 
erties is (fiflteent thidoiess of the birefringent anisotropicaliy al)8ort>ing layer, not exceeding 5%. 



TABLE I 

Characteristics of light polarizers based on orgaiuc salts of dichroic anionic dyes of 
general formula (II) 



No. 


Dye 


M 


n 


Thickness 
variance. % 


•1 . 


Direct yellow. 
li^it&stO 


(OHCH2CH2)3NH 
HN4' 


7 
7 


5 

15 — 


2 


Mixture of disulfo- 
acids of 
dibenamidazoles of 
naphd]alene-l,4,S,8- 
tetiacarboxylic acid 


N-methylpyridinium NHj* 


2 
2 


5 

18 (sigoiiicant 
scattering) 


3 
4 

5 
6 
7 


3<hlorindanthrone- 
4,4*-disulfo-acid 
Acid brii^-fed 
anduaquiiionic N8S 

CI. direct red 48 

C.l active yellow 1 

CI. acid yellow 1 


(OHCHjCHjOCHzCH:)^ 

(C2Hs)4N 

N-etfayiamidazoliniiim 
Na* 

N^methyltfaiazoliniiun 

NH2(CH2CHjNH)2CH,CH2NH3 
NH4* 


2 
2 
2 
2 

2 
2 
2 
2 
1 
1 


3 

10 

5 

15 (scatters 

light) 

5 

15 

5 

15 

5 

15 
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8 


C.L direct blue 19 


[0H(CH2CH20)3CH2CHJ2NH. 


2 


5 








NH4* 


2 


15 


5 


9 


Mixture of sulfoacids 


C6H5CH2(CH3)3P 


2 


5 






of dibenzimidazoles 


NH** 


2 


10 






%n pen lenc- j i u- 










tetracaiboxylic acid 


- 






10 


10 


C.L. direct violet 88 


CH3(C}H7)NH 


2 


5 








NH, 


2 


15 




11 


Acid brigjn blue 


N-ethylchinolinium 


2 


5 






anthraquinonic 


NH. 

1 


2 


15 


16 


12 


C.I. direct violet 56 


C6H5{CH3)NH, 


2 


5 








Na* 


2 


20 




13 


CI. active blue 4 


N-etfaylthiazolinium 


2 


5 








Na* 


2 


18 


20 


14 


C.L direct yellow 73 


(OH(CH2CH20)5CH2CH2LNH2 


4 


5 








NH** 


4 


15 




15 


Disulfoacid of 


(C4H9MCH3)P 


2 


5 






dimethyl dunacridone 


NHi* 


2 


10 


25 


16 


Disulfoacid of 












tfaioindigo 


NH2(CH2CH2NH)4CH2CH^NH3 


2 


5 










2 


15 




17 


Mixture of 








30 




disutfoactds of 


{OHCH2CH20CH2CH2)3NH 




5 




dibenzimidazoles of 


NH,* 




15 






n^thalene-l ,4,5,8- 










• 


tetracaiboxylic acid + 












3-chlorind2uidirone- 








* 

35 




4»4' -disulfoacid 










18 


Mixture of 












disulfoacids of 


C6HjCH2(CHj)3P 




5 






dibenzimidazoles of 


NH4* 




18 


40 




ns^hthaieiie-l ,4,5,8- 












letracarboxylic add + 












3-chlorindanthrone- 












4,4* -disulfoacid + 












mixture of 








45 




dibenzimidazoles of 












perilene-3,4,9,10- 












toacaibox^ic acid 








SO 













• known polarizer according to application PCT wo 94/28073 (1994) 
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TABLE 2 

Characteristics of Ug^ polarizers based on asymmetrical mixed salts of 
dichroic anionic <fyes of geseral fmmiila (ID) 



No. 


Dye 


Formula 

• 


Dichroic 
ratio 

Di©n 


1 


Direct yellow li^u&st O 


f^;X=X'-S02 


15.0 






MKOHCH2CH2)jNH; n=3; 








MrNH4;m=3; 






t 


(ir,M-NH4;ff=6; 


10.0 


2 


Mixture of disulfoacids of 


fandg = 0,X-X'-Sa; n=l. 


16.0 




dibenzimidazoies of 


M=<OHai2CH20CHaCH,)2NH2; 






naidid]alaie-l,4^.S- 


M|=NH4; m«l 








(1) , M=Nn4, B-0 


1 0.0 


3 


3-cttlorindaiithrone 4,4*- 


f and g = 0. n=l; X=X'=SQi. n=2; M=Cs; 


35.0 




disulfoadd 


m=l;Mi=NHi. 








(I)*,M=NH,.n=6 


23.0 


4 


C.L direct yellow 73 


f and g =0; X=S02. n=»2; M = N- 


14.0 






metbylpyridiniuip; 








m=2;X*=00,M,-NH4 








(I)* Kf=NH»,ip«4 


8.0 


5 


Trisulfo-fldd of 


f and g " 0, X-X'-SOi; M= 


16.0 




tiiioindigo (crinKson) 


octylammonium; if°1; 








Mi=Na; 10=2; 








(I)*,M-NH«,iiW> 


0 


6 


Mixtures of disulfoacids 


f and g =0. n=l; X=X*=SOi; M-N- 


17.0 




of dibenxifflidazoles of 


metlyWriaTohniim; 






pcrflcne-3.4,9,10- 


m=l;Mi«NH«, 






tetracarboxylic acid 


(I)*,M=NH4,n-2 


10.0 


7 


Acidbri^-bhie 


f and gf=0; npl; X=X'=S02; M= 


18.5 




anthraquinonic 


(NH2C3IjCH2NHCH2CH2)iNH2; m-1; 








M,=NH,; 








(I)*,M=NHbiF2 


3.0 


8 


CI 43320 acid briglit- 


vnae-Oi X-X'=-SOi; Z=NH. p=l; 


19.0 




blue 


MKCMICHjCElOsNH; f=l; M,-NH4; 








gr U . 








(I)».M-NH«.ii=2 


20 


9 


Active briglit-violet IT 


fK); n-2; X-SO^; M-NH«; m-0; 


15.0 






Z=«Oi. p=2; XOSQi M,=*; g=l 








(I)».M=*lH4.n-3 


2.0 
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Active bright light blue 


r=v, n«l, X=S02; M- (OHCH2CH2).^nH; 


16.0 














Mi-NHi, (Ir, M-^fH4, n=3 


5.0 


11 


Active yellow 13-181 


11=0; f-1; Z^SOiNH. p==2; X=X'=0SO2; 


14.0 






M— \UrlCn2Cn2/3Wrl, in==U, g= i , 








M,=NH4; (I)*,M-NH4,n=2 


3.5 


12 


CI. 14865 acid black 3 M 


f and g=0, X=X'=S02; M,«N. 


15.0 






mcthylthiazolinium; npl; (I)*, M^NH* 








m=»l; 






\ 


(I)*»M-NH4,n=2 


3.0 



• a polarizer known from application PCT WO 94;280073 ( 1994) 



TABLE 3 



Characteristics of light polarizers based on associates of dichroic dyes containing 
ionogenic groi^ with surfectants, of general fonnulas (IV*V]) 



No 


Dye 


Fonnula 


Conductivity 
X 10-*** ohm*" 
cm'' 


1 


Direct yellow li^tfast 0 


(IV), SUR - Jodecyl ammonium, 


0.1 






X^'=S02;n=l; 








M=NH(C2H40H)3; m=6 








(I)*,m=7;M=NH4 


15.0 


2 


Disulfoacid of indigo 


(IV), SUR-decyltrimetfayl anomonium 


0.5 




(Uue) 


cation; X. X*=S02; n=l; M=Na; m=l; 








(I)*.M=NH4,m=2 


10.0 










3 


Trisulfoadd of thioindigo 


(IV), SUR-decylpyridinium cation; 


0.05 




(crimson) 


X,X*-SO:;;n=l; 








M=N-methylpyridinium; ra=2; 








(I)*, M=NH«, m=2 - PC cannot be 








obtained 




4 


CL direct orange 138 


(IV), SUR*octyltnniethyl anunomum 


0.04 






cation; X^=«02;ff=l 








M-NUCjHiOfDj; m-1; 








(I)*.M=NH4,m=2,n=0 


13.0 


5 


C.I. active yellow 1 


(IV), SUR-dodecyl ammonium cation; 


0.05 






X-X'==S02; n=l; 








M=NH(C:2H40H)j; m=l; 








(D*,M=NH4,m=2;n=0 


15.0 


6 


C.L acid yellow 135 


(IV), tricthanolamimc salt of SUR- 


0.5 






dodecyldimethyl aminoacetatic acid; 
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7 


C.L direct yellow 73 


Z=0; p=2; X=0S02; n=l; m=0; 

(I)*.M=^.m=l,ii=0 

(TV), SUR-dodecylimidazolinium 

cation; X=S02, n=2; X'=CO. M=Ba. 

in=2; 

(I)*.M=NH4,ni=4.n=0 


20.0 
0.5 

20.0 


8 


C.L active bright-violet IT 
73 


GV), SUR<etyltrimethyl anunonium 
cation; Z=NH, p=l, X^SOj. ^l. n=0; 
X'=S02.M=Cs' 
g=l;m=0 

(I)*,M=NH4,m=2,n=0 


0.3 
25.0 


9 


C.L 63320 acid bright-blue 


(IV), SUR-dodecylimidazolinium 
canon, ^^U2, a— uaU2j t^i» n=v; 
X'-SO2.M=Na.m=2;g=0, 
(D* M=^4H4,m=3,n=0 


0.7 
20.0 




P T 1 ^ urtA Aar4r Kliia 

^.i. juju aciQ uaiK-Diue 


(,vj, aUK-octyisuitate, g=0, in=2; 
X=S02, M=NH4; 


1.0 


11 


C.L 44025 acid green Zh 


(V), SUR-dodecylsulfonate; g=0; m=2; 
X=S02, M-NH*; , 


0.5 


12 

'1"? 


C.L basic blue 41 

v^.i. OaSlC DlUc 


(VI), SUR-2-liydroxy-3- 
(dodecyltrimeti^l ammonium)- 
propanesulfate, trietbanol aminic salt; 
n=l 

(vi;, oUK-z-(<uinet^ioctyLamiaoivopyl 
aminonium)ethaiiesui£EUe, N- 
methylpyridinium; tF=l 


0.5 

0.2 


14 


Methvlene blue 


acetic acid, triethanolaminic salt of; n»l 




15 


C.L Basic 22 


(VI), SUR-octyldimetliyl ammonium 
ethane sulfate, ammonium salt; n=l 


1.0 



♦ the polarizer known according to application PCT WO 94/28073 (1994). 



[0144] ft ahouU be noted that the above-m^toied pdarizers of both the dichroic and interference types t)a&ed on 
the b&efrinoent arasotropicalty at>8orbing layers having at least one refraction index growing as the wavelength 
increases, assume the utflization of not more than 50% of the incident light energy. 
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[01451 Use of the birefringent layer having the abnormal cfispersion also aOows to produce a poteuizer that provides 
conversion of practicaity entire energy of a non-polarized racfiatton source into the polarized radiation. 
[0146] The proposed polarizer of said type Indudes: 

• a polarizing means for cOviding a plurality of non*polarized light beams, that constitute the fight incident on a polar- 
izer, to the same plurality of identical pairs of the dfferently polarized Bght beams, and 

• a means for changing the polarization of at least one pluraGty of identically polarized light beans comprised by said 
plurality of pairs of the drfferentty polarized light beams. 

[0147] Said polarizing means implemented in the fonn of the focusing optical elements, each consisting of at least 
one birefringent anisobropicaOy absorbing layer adjacent to at least one optically isotropic layer, is opScally registered 
with said means for polarization cf^nging inplemented in the form of a sectioned trar^ucent btrefrnigent plata 
[0148] For simpfidty. said polarizer will be referred to as the polarizer b^ed on the trar^mtssive type polarizing 
mean& 

[0149] The characteristic feature of this polarizer is also the use, in said polarizing means, of at least one birefringent 
artisotropicalty absoritMng layer having at least one refraction index growing as the polarized light wavelength increases. 
[0150] Said focusing optical element of the claimed polarizer can be implemented in the fonn of a zone plate, wtiich 
in its turn can be implemented in the form of an amplitude zone plate, wherein the even zones comprise at least one 
birefringent anisotropically ab80ft>ing layer adjacent to at least one optical isotrapic layer, and the odd zones are man- 
ufactured of an opticaOy isotropic material. 

[0151] A phase zone plate can sen/e as the other version of the zone plate of the claimed polarizer. 
[0152] A phase zone plate can have at least one refraction index changing at least along one of the cfirectionsp inclu- 
sive of that along the plate. 

[0153] At least one refraction index of a phase zone plate can change In the direction along the plate plane according 
to a certain rule, inducfing a nOT-monotortic change. 

[0154] The means tor changing polarization of the claimed polarizer can also comprise a sectioned translucent bire- 
fringent antsotropically at)sc^ing layer havir^ at least one refraction index growing as the polarized Gght wavelength 
increasea 

[015q At least one retraction Index of at least one birefringent antsotropicaOy at>sori3ing layer in a polarizer based on 
a polarizing mearm of the transmissive type can be directly proportional to the polarized light wavelength. 
[0156] At least one birefringent antotropically absort>ing layer of the claimed polarizer can have a thickness whereat 
the interference extremum at output of a polarizer at least for one lineariy-polarized fight component is reaSzed. Thereby 
thickness of at teM one birefringent anisotropically absort)ing layer satisfies the condition of obtaining, at output of an 
optical polarizer, the interference minimum for one lineariy-polarized component of the passing and the interfer- 
ence maximum for other orthogorml finearty-pdarized component of the passing light. 

[01 57] For manufacture of the corned polarizer, layers are selected such that refraction index of the optically isotropic 
layer wOl ooinckle with, or be maximally proximate to one of indices of the birefringent layer. 
[0159] Preferable is a polarizer characterized in that the means for changing polarization is inplemented in the form 
of a sectioned translucent half -wave birefringent plate or a layer having s^'ons disposed in focuses or outside focuses 
of focusing optical elemerrts. 

[0159] When in the polarization changing means, used is an < (achromatic) ) half-wave or quarter-wave (for circular 
polarizer) plate, whmn a phase carry-over (or travel difference) is an half or quarter of the wavelength, the polarization 
change, when fight passes tfvough such plate^ takes place at afl wavelengths of the operating range. 
[0160] Another version is a polarizer, characterized in that the polarization changing means is implemented in the 
form of a sectioned translucent birefringent plate having sectiors in the form of quarter-wave plates dteposed outside 
focuses of the focusing optical elements, and having sections in the form of plates detaining a phase cfifference 
between the ordinary and extracrcfinary rays, that is different by n from the phase difference determined by said sec- 
tions in the form of quarter-wave plates disposed in focuses of the focusing optical elements. 
[0161] The means fbr changing polarization of the daofned polarizer can be implemented in the fbrm of a sectioned 
translucent polymerized planar layer of a lk]uid crystal havir^ the twist structure, wherein the Uquid crystal optical axis 
within thickness of said layer is rotated by angle of 90". with sections cfisposed in focuses or outside focuses of the 
focusing optical elements. 

[0162] The claimed polarizer can be implemented in the form of a film or plate comprising said polarizing means in 
the form of focusing optical elements having different focal power for each polarized component of the non-polarized 
light incident ufx>n the polarizer, and optically regtstered with sakl means for changing polarization of at least one plu- 
rality of identically polarized light beams. Said focusing optical elements can be in the form of the volume or ph^e col- 
lectbK) ler^es, or various Kinds of thm Igxawn from the zone plate optics (see aS. Landsberg, Opfics, rev. and suppd. 
5^ ed.. «Nauka» publishers, Moscow, 1976). 
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[0163] A version of tti daimed polarizer, for which the wavelength regnn whereto 

(fiffefs from the opemtino wavdength range, ta a polarizer comprising at least one birefringent anisotropicaOy absort)ing 

layer representing a plura&ty of volume or phase lensea In this case, tsy use of appropriate dyes for fonning sM lenses, 

it is possa)le to create a polarizer provicfing polarization in the IR-region toa 

[0164] ttshoukJ be noted that the fixusing optical dements can have not only thefts 

mirrors, cuxl combined ones. 

[0165] A distinguishing faature of the invention is the usa for manufacture of a polariza^, of at least one birefringent 

anisotropically absorbing layer having the abrK)nnal dispersion, comprised by a poterizing m^ns and implemented in 

some embocBments of means for changing polarization for at least one polarized light component 

[0166] For forming said birefringent anisotropically absorbing layer having the abnormal dispersion, the materials and 

techniques used for the alxve-daimed polarizers of ttie interierence and cfichroic types can be utiGzed. 

[0167] The abovedtecussed versions do not Gmit the possibility of using other materials for foming birefringent layers 

for the proposed optical polarizer. 

[01 68] Selection of the techniques to apply an oriented birefringent material depends on the used material and is not 
important for ttie essence of the invention. The polarizing layers of a brefringent material acooidtng to the invention can 
be not only the flat ones, but can be the focusing ones, for example intheformof lenses and/or mirrors. 
[0169] PhotoGthography techniques can be used for creating sectioned birefringent layers. For application of thenno- 
tropic polymer materials, extruders, including those having a ^leat number (10-100) of flat dies and allowing to apply 
many layers of the required thickness of different polymer materials at one nm. can be leed. 
[OITtQ The f ral result of any used techniques must be an oriented layer of a birefringent material having, apart from 
reaction incfices that vary at different axes, the dchroism too^ with optimum values of absorption indices. 
[0171] Principle of operation of the claimed polarizer can be described as follows. A non-polarized light ray is incident 
on a first flat surface of a polarizer in the form of a film or plate corrprising a polarizing means applied thereoa Said 
non-polarized light ray, passing through the polarizing means In the form of footing optical elements having different 
focal power for each polarized component of the incident non-polarized fight is divided into a plurality of pairs of the 
cfifferently polarized tight t>eam& The resulting plurality of pairs of the differently polarized light beams e. at the same 
time, the two pluralrties of the polarized fight beams, wherein, in each of them, the light is polarized identicafiy for all the 
beams comprised by said plurality. Further, one of these pluralHies of fight brams comprised by said plurality of pairs of 
cfifferently polarized fight beams can have the form of for example, paraOel fight beams lineariy-polarized in the same 
plane, and the otfier plurality of fight bearm can be in the fomi, for example, of the light beams finearfy-polarized in the 
plane that is orthogonal to the polarization plane of the first plurafity of the beams convergent in focuses of the focusing 
optical elements, which (focuses) are regularly arranged on a second ftat siffface of a polarizer, which second surface 
corrprises an applied thereon means for chariging polarization of at lea^ one plurafity of the identicafly polarized light 
beams in the form of a sectioned translucent brefringent plate. At least one plurality of the identically polarized light 
beams, passing through said polarization changing means disposed on the second surface of the polarizer, changes 
its polarization such that state of its polarization wifl be identical with poterization state of the other plurality of the also 
identically polarized light beams, that also passed through the seoond boundary of the polarizer. As the result both said 
pluralities of the lig^ beams leaving the polarizer based on a polarizing means of transmissive type, become polarized 
identically, and further both these pluralities of said light beams coming out of the polarizer transfer the light energy 
aniounting to at least over 50% of the energy d the light incident on the l^iht pol^ 
tfon. 

[0172] The other kind c^lhe claimed polarizer providing conversion of more than 50% of all the energy of a non-polar- 
ized radiation-into the polarized one, is a polarizer based on a polarizing means of the reflecting type. 
[0173] Said polarizer is implemented in the fomn of at least one fSm or plate, whereon appBed are a means for con- 
verting the incoming non-polarized fight into a plurality of identical light beams, a polarizing means for dividirxi the non- 
polarized light beams into the polarized passing and reflected light beams having cfifferent polarization, and a means 
for chan^ng polarization and drection of the fisfit beams reflected from the polarizing means. 
[0174] A distinguishing feature of the claimed polarizer is a polarizing means conprising at least one birefrbigent ani- 
sotropically absort»ng layer fmkxQ at least one refraction index growffig as the polarized fight wavelength increases, or 
a birefringent layer having the constant, aaoss the layer thickness, cfirections of the qatical axes that change aaoss the 
layer thickness acoorcfing to a certain rule. 

[0175] Depending on the type of the used birefringent layer, division of the non-polarized light beams can l>e done 
either as into the finearfy-polarized passing and reflected, with orthogonal polarizations, fight, or irrto the drcidaily polar- 
ized passing and r^lected. having opposite signs of the polarization rotatioa light. 

[0176] The means for changing pciarization and direction of the reflected fight beams of the claimed polarizer can 
comprise a sectioned metallic minor. 

[0177] Preferable is a polarizer whose polarizing means includes at least one birefringent anisotrqaically absort>ing 
layer or a birefringent layer having constant, across the U^er tNckness. optical axes, and where upstream of the sec- 
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tioned metallic mirror a quarter-wave plate is positioned. 

[0178] Also preferable is a polarizer comprising at least one birefringent anisotropically absorbing layer having at 1^ 
one refraction index that grows as the polarized light wavelength inaeases. 

[0179] Also preferable a polarizer wherein the wavelength region, where the anisotropic absorption of the birefrin- 
gent layer is obsen/ed, and thus the concfition of the abnormal (fispersion is met. coincides with the wavelength operat- 
ing range. 

[0180] The most preferable is the use of birefringent anisotropically absorbing layers with at least one refraction index 
that is directly proportional with the polarized Oght waveloigth. 

[0181] The polarizer according to the invention can comprise as at least one birefringent antsotropicaOy absorbing 
1^, a layer fermedol materials for rnanufiactu^ the claimed polarizer of the tnterierence type. 
[0182] The above-discussed versions do not limit the use of other materials for forming birefringent anisotropicaDy 
absorbing layers fbr the proposed polarizer. 

[0183] A birefringent anisotropically absorbing layer in the proposed polarizer can be both a sofid aid liquid one. 
[01 84] Fbr manufacture of a birefringent layer having the constant across the layer thickness^ directions off the optical 
axes, polymer films oriented by unaxial w biaxml tensions, transparent (not absort>ing the ligh^ in the operating wave- 
length range polymer f 0ms can be used. 

[OlOq An example of birefringent layers having the direction of the opticai axis changing across the layer thickness 
accord to a certain rule, is layers of chdesteric liqud crystate. In such layers, the optical axis corresponding to the 
tong axes of the stk:k-6haped molecules, and, accorcfingty, to a greater refraction index, is rotated in the mental motion 
across the tftickens remaining to be parallel to the layer plane. The distarKe across the thickness, wh^ eat the optical 
axis makes the fuH rotation at 360^ is referred to as the cholesteric spiral pitch. Direction of the optical axis rotation can 
be both clockwise; and such spiral is referred to as the right one, and counter-clockwise, and such sfxral is referred to 
as ttie left ona Such structure (taxture) of a birefringent layer of cholesteric liquid cry^als is referred to as the planar 
one, or the Grandjean texture The main optical properties of a birefringent layer of chole^eric liquid crystals of the pla- 
nar texture are as follows: 

1 . When the light is incident on the layer, there is a region of selective reflection of the light, the spectrum position 
of which region is proportional to the cholesteric spiral pitch. 

2. The spectrum width of the light selective reflection region is proportional to the refraction index anisotropy (i.e. 
the difference between the oncOnary and extraorcfinary refraction indices). 

3. Within the light selective reflection region, one drcutariy polarized component of non-polarized light, direction of 
whk^h component ooincMes with the ^esteric spral rotation direction, is reflected oorrpletely. the other ctrcutariy 
polarized component of the non-polarized fight drection of which component is opposite to the cholesteric s^^ral 
rotation direction, passes through the layer completely. 

[0186] Thus the planar texture cholesteric Bquid crystal layer Is a circular polarizer of the reflecting type for both the 
passing and reflected lights. Such layer can serve as. or can be induded into a polariang means for cfividtng the non- 
polarized light bean^ into the passing and reflected light beams having (fifferent polarizations. When necessary, the 
known quarter-wave plate can be used for converting the circutar polarizations into the linear ones. 
[0187] Preferable is a polarizer accordir^ to the invention, where the poterizing means comprises at least one layer 
of a cholesteriG liqirid crystal. 

[0188] More preferable is a polarizer according to the invention comprising at least one layer of the cholesteric liquid 
crystal manufactured of a polymer cholesteric Hqucl crystal. 

[0189] At leasX one layer of the cholesteric liquid cr^ h^ across its thickness a gradient of the cholesteric spiral 
pitch and. as the result f\as the spectrum width of the light selective reflection band not less than 100 nm. 
[0190] The polarizing noeans of the reflecting type can comprise at least three layers of chde^c liquid aystals hav- 
ing the light selective reflection band in three differemspectixim ranges. 

[0191 ] The means for converting the incoming non-polarized light Into a plurality of dentical light beams can be inple- 
mented intheformof asystemof microlensesormkToprismsfbcudng tiie light beams coming thereto in the direction 
towards the interior of the polarizer. In particular, a ntcrolens system can be implemented in the form of positive cyfin- 
drical miadenses entirely covering the polarizer surfaca 

[0192] Selection of techniques fbr manufacture of a pdarizer according to the invention depends on the materials to 
be used for the bir^ngent layers, and is not irrportant Ibr the invention essence. 

[0193] For forming, on the surface of the proposed polarizer, a polarizing coating comprising at least one birefringent 
l£Q(er, the fbOowing standard mettiods can be used: larrmiation of ttie preliminarily oriented by drawing polymer films, 
application of the used materials in ttieOquid Stat by a roller, docta blade, blade in tiie fomi of a norvfotating cylinder, 
application using a slit die. and other methods. In some cases, after a layer is applied, it is dried to remove solvents. In 
other cases, for example fbr tha'moplastic polymer materials and vitrifying materials, the applied layer Is cooled after 
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appticatioa 

[0194] TTi other technques thai can be i«ed to obtain birefringert 

the licpiid crystal phase, consist in applying such material onto a substrate prepared beforehand for oriOTtation of the 
liquid crystal phase [US Patent Na 2 524 286 (19S0)]. One of these techniques Is an unt^firectional rubbing of a sub- 
^rate, a rubbing of a thin polymer layer applied thereon beforehand, which is known and used for orienting themto- 
tropic low-mdecular liquid crystal mixes in manufacture of LC^fisplays. 

[01 BSl Another technique for obtaining bi refringent layers is the known technique of photOK)rientatk)n of the preimfii- 
narily applied, in this or other manner, layer using irracfiation thereof by the Rnearly-polartzed ultra-violet ^ht 
[0196] For applying birefringent layers of themwtropic polymer materials, extruders can t>e used, inclusive of the 
extruders having a number of flat dies and allowing to apply several layers of different polymer materials of the required 
thickness at one run. 

[0197] For marttjfacture of a teyer of cholesteric liquid crystals of the planar texture, the following materials can be 
used: cholesteryl esters, nematic lk|uid crystal doped with optically adive compounds, so called chiral nematics 
wherein the optically active center is chemically connected with molecules of a nematic liquid crystal, polymer choles- 
teric OqiAd crydals. lyotrcpc cholesteric liquki crystals of, for example, potypeptides and cellutose ethers. 
[01 98] The manufiactiffed l^ers can be both lk:|uid and solid. Curing of layers can be done be lowering a temperature. 
t>y evaporation of a solvent polymerization, including photo-induced polymerization. 

[0199] As the means to convert the incoming non-polarized light into a plurality of identical light beams, a system of 
microlenses, both the ^imne and flat Firesnel lenses, as weQ as the other means for focusing light beams, a system of 
microprisms in the form of volume prisms of, for example, the trtongular shape, or flat prisms having, for example, the 
cfistributed across the thickness and surface refraction index, and also othor means for deflecting the light rays. 
[0200] For manufacture of a system of microlenses or micropr isms , the mouUing, casting techniques can be used, 
for example fiDing the preliminarily prepared depressfons of the desired shape in a polymer f Dm with a polymer mater^ 
having a greater refraction index; photo-induced polymerization, and other techniques. 

[0201 ] For applying a sectioned metallic mirror, the following standard methods can be used: thermal evaporation in 
vacuum, application In vapours with 8ut>sequent thermal treatment, magnetron sputtering, and other methods. For 
application of a mirror, aluminiufn (Al). silver (Ag), and other metals can be used. 

[0202] Principle of operation of the daimed polarize' based on a polarizing means of the reflecting type wDI be dis- 
closed in description of the specific eKaiTf>les of this polarizer. 

[0203] As it is mentkinedabcw, the above^laimed polarizers can be used in various devices for deplaying infomna- 
tion, in particular for manufacture of liquid-crystal indicating elements, inducting flat cfisf^ys. 
[0204] The ot)jective of the invention is to provide improved brightness and cotour saturation of the images produced 
by a liquid-crystal Indfoating element. 

[0205] T>iis otsjective is to be attained by use of liquid-crystal indicating element (LCI), comprising a teyer of liquid 
crystal positioned between a first and second plates, at least on one of said plates tocated are electrodes and a polar- 
izer ttat indudes at least one t^refringent anisotropically absori^ing layer having at least one refraction index that grows 
as the polarized light wavelength inaeases. 

[0206] For forming said layer, the sante materials and techniques as for the above-claimed polarizers, are used. 
[0207] An high quality of an image is to be provided by a LCI element comprising at least one polarizer of the inter- 
ference type having ftigh polarization characteristtos. 

[0208] The claimed LCI elofnent can further, on one plate, comprise a diffusion reflectfon l^r. which layer sinful- 
taneously an electrode, and at least one turefringent antsolropically absortung layer being located directly on the reflect- 
ing layer, or on a dielectric sUb4ayer applied on the reflecting coaling. 

[0209] The other version of the LCI element is characterized in that on one of the plates, an additional layer of cofour 
elements is formed between the polarizer and the plate 

[021 0] The polarizer of the claimed LCI element can fiolher conprise at least one layer that reflects the light at least 
partiaDy. Saki light-r^lecthg layer can be made of a metal. 

[021 1] At least one birefringent anisotropically absortxng layer of at least one polarizer of the daimed LCI element 
can be implemented In the form of elements that diffo* from one another in the aspect of the phase delay andfor the 
polarization axe (firectfon. 

[021 2] One polarizer of the claimed LCI element comprises at least two birefringent anisotropically at>sort>ing layers 
of different odours with mutually perperxiicuiar cfirection of the polarization axes, applied one ipon the other, or on at 
least one intermecfiate layer separating them: and on the other plate the polarizer comprises at least one birefringent 
anisotropically absort>ing layer of ^ay odour having the poterization axis coinciding with the pdarizatfon axis cfirection 
of one of the birefringent anisotropically absort»ng layers on the first plate. 

[021 3] Use of the polarizer based on the polariznig means of the reflecting type, utilizing more than 50% of the non- 
polarized Bght provides an high brifi^ess and reduces the anrxxnt of power consunrted by the LCI elenri^ 
[0214] The proposed LCI element comprises a liquid crystal layer positioned between the first and second plates. 
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where at least on one of said plates electrodes and the polarizer are positioned. At least one polarizer comprises: 

• a polarizing nneans for dividing a plurality of non-polarized Gght i^eams of the light incident upon the polarizer into 
the same pluraltty of identical pairs of the dmerenfly polarized Gght b^tms, which means is implemented in the form 
of focusing optical elements, each of which comprising at least one birefringent ansotropically absorbing layer hav- 
ing at least one retraction index that grows as the polarized light wavelength increases and is acQacent to at least 
one opficafly isotropic layer: said polarizing means being opticaDy registered with a means for chari^ng polarizafion 
of at least one of the identically polarized ligm beams coniprteed by said plurality of pairs of the different 
Gght beams. 

1021 5] At least one birefringent anisotropicaBy absorbing layer of the focusing optical element of the claimed LCI ele- 
ment can be implenrsentad in the form of a plurality of the volume or phase lenses. 
f0216] The focusing optical element of the claimed LCI elenrtem can be implememed in the 
[0217] A kind of a zone plate is an amplitude zone plate, whose even zones conpree at lea^ 
tropically absorbing layer adjacent to at least one optically isotropic layer, and tiie odd zones being implemented of an 
optically IsGitropic material. 

[021 8] The other kind of a zone plate is a phase zone plate. 

[021 9] The means for changing polarization of the LCI element can comprise a sectioned translucent birefrin^nt ani- 
sotrof^ly absorbing layer having at least one refraction index that grows as the polarized Gght wavdength inoBases. 
[0220] The polarization changing means can be implemented In the fbrm of a sectioned translucent half-wave bire- 
frntgent plate, or a layer having sections (fisposed in focuses or outside the focuses of the foaming optical elenrtents. 
[0221] The polarization changing means of the polarizer of the dainDed LCI element can be implemented n the fbrm 
of a sectioned translucent birefringent plate having sections in the fonm of quarter-wave plates disposed outside the 
focuses of the fbcusing optical elements, and having sections detennining a phase difference between tiie ordinary and 
extraorcfinary rays. dWering by n from ttie phase difference determined by sakS sections in the fonn of quarter-wave 
plates disposed in focuses of the fbcusing optical elements. 

[0222] The polarization changing means of the claimed LCI element can be inrplemented in the form of a sectioned 
translucem polyrnerized planar layer cf a Ikpiid crystal having the twi^ 

cal axis within the thickness of said layer tiy angle of 90*". witii sections cfisposed m focuses or outside focuses of the 
fbcusing optical elements. 

[0223] The polarization changing n^eans of the claimed LCI element can be inrplemented in the form of a sectioned 
translucent achromatic birefringent plata 

[0224] An inaeased brightness and a lower power consumption are also provided tjy the LCI element using the polar- 
izer based on a polarizing means of the reflecting typa 

[022^ The proposed LCI element comprises a liquid crystal layer disposed between afirst and second plates, at lee^t 
on one of which plates positioned are electrodes and a polarizer. At least one pd 

least one film or plate, whereon applied are: means for converting tiie incoming non-polarized light into a pluality of 
identical Gght beams, a polarizing means for (fivkiing the non-polarized light beams into the polarized passing and 
reflected light beams having dfferent polarizations, which means comprises at least one birefringent anisotropicaOy 
absorbing layer having at least one refraction index that grows as the polarized light wavelength increases, or a birefrin- 
gent layer hmng the constant across tiie ^& thickness, directions of the optical axes, or a birefringent layer having 
the optical axes* directions that change across tiie layer thickness according to a certain rule, and a means for changing 
polarization and drection of the light beams reflected from the polarizing means. 

[0226] The means for changing polarization and direction of the reflected light beans of tiie claimed LCI element can 
comprise a sectioned metallic mirror. 

[02S7] The polarizing means of the LCI elenmt can conprise at least one btrefringemanis 
a a birefringent layer having tiie constant across the layer thickness, directions of the optical axes, and having a quar- 
ter-wave ptate ipstream of the sectioned metalGc nurror. 

[0228] The polarizing means of the claimed LCI element can oonprise. as at least one birefringent layer having tiie 
optical axes* directions that change across the layer thickness according to a certain rde. at least one layer of a chd- 
esteric liquid crystal that can be manufactured of a polymer chdesteric Gquid crystal 

[0229] At le£^ one layer of a cholesteric liquid crystal can have, across the ttiickness, a gradient of the chotesteric 
spiral pitch, and. as the result, a spectrum widtti of the light selective reflection t)and of not less ttian 1 00 nm. 
[0230] The polarizing means can oonprise at least three layers of cholesteric Gquid crystals having tiie Gght selective 
r^lection bands in three various spectium ranges. 

[0231] The means for converting tiie incoming non-polarized Gght of the polarizer of tiie claimed LCI element can be 
inplemented in the fbrm of a system of nticrolenses a microprisms that fbcus the light beams oonting out of ttiem in 
the direction towanjs tiie interior of tiie polarizer. 
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[0232] A system of microlQnses can be implemented in the Idrm of positive cyfindrical miaolenses that entirety cover 
the polarizer surface. 

[0233] On a first surfece of a film or plate, the polarizer of the claimed LCI element can comprto a system of micro- 
lenses and a sectioned metaOlc ntin'or optically registered with said system of m^ 
a film or plate it can comprise at least one layer of a cholestertc fiquid crystal. 

[0234] The polarizer of the claimed LCI, on the first surface of a f Sm of plate, can comprise a system of nvcrolenses. 
a sectioned metallic minor optically registered with said system of mioolerses, and a quarter-wave plate: and on the 
second surface the polarizer further comprises at least one k>irefnngent anisotropically at)sort)ing teyer or a bir^ringent 
layer having the constant aows the layer thickness, directions of the optical axes. 
[0235] The polarizer, on the first surfaced a fSm or a plate, can also conpr^ a sectk^ 

second surface of film or plate appSed are, sec^ntially, a system of microlenses optically registered with sections of 
the metallic minor, and at least one layer of a cholesteric liquid crystal. 

[0236] Preferat)le is a LCI elem&it whose potarizer on the first surface of a film or plate comprises a sectioned metalEc 
minor and a quarter^wave plate, and m the second surface of a f am or plate sequentially appGed are a system of mic- 
rolenses optically registered with sections of the metallic minor and at least one birefringent amsotropicafly absorbing 
layer or a birefringent layer having the constant, aaoss the layer thickness, directions of the the optical axes. 
[0237] The polarizer of the claimed LCI elemem can cornprise at least two lamirmtedfDro 
surtee of the f M f am or plate appGed is a first system of miaolenses, on the internal surface of the first or second f am 
or plate applied » a sectioned metaDic minor, and on the eodemalsurfcu^e of the second film or plated 

the second system of nticrolensesoptk^ly rec^ered with sections of the metaflic mirror and with the first system of 
microlenses; and at least one layer of a cholesteric liquid crystal. 

[0238] Preferable is a LCI element whose polarizer conprises at least two laminated films or plates; on the extendi 
surface of the first fBm or plate appfied is a first system of microlenses, on the internal surface of the fist or second f am 
or plate appOed are a sectioned metalDc mlnror and a quarter-wave plate, on the external surface of the second f Om or 
plate additionally applied are the second system of microlenses opticaily registered with sections of the metalOc minor 
and with the first system of microlenses. and at least one birefringent anisotropicaDy absorbing layer or a birefringent 
layer having the coristanL across the layer thickness, directions d the optical axes. 

[0239] Preferable is a LCI elentent whose polarizer conprtees at least two laminated films or plates; on the external 
surface of the first film or plate applied is a system of microprisms. on the internal surface of the first or second f flm or 
plate applied is a sectkxied metalOc minor optically registered wHh the system of niaoprisms, on the external surface 
d the second film a plate applied is at least one layer d a cholesteric liquid crystal. 

[0240] Preferable a LCI element whose polarizer comprise at least two laminated films or plates, on the exterral 
surtace d the first fOm or plate applied is a system d nticroprtems. on the internal surface d the first film or plate 
sequentially applied are a sectioned metallic minor optically regist&ed with the system d microprisms, and a quarter- 
wave plate; on the external surfece d the second f am or plaie applied is at least one txrefringent anisotropically absorb- 
ing layer or a birefringent layer having the constant across the teiya^ thickness. <firections d the optk»l axes. 
[0241 ] Preferable is a LCI element whose at le£ffit one polarizer further comprises an orienting layer fontied d non- 
organc materials or on the basis d polymer materials. 

[0242] The orienting layer can be formed both on the birefringent antsotropicaOy absoit»ng layer, and between the 
substrate and said layer. 

[0243] Another version a LCI dement characterized in that at least on one d the plates at least one birefringent 
anisotropically absorbing layer d at least one polarizer is disposed on a transparent electrode, or between the plate and 
the electrode, or on a cfielectric f9m covering the transparent electrode, or between the ^yer that orients the liquid crys- 
tal and a dielectric stdHayer that covers the electrode, a on the reverse skJe d the layers. 
[0244] Preferable is a LCI element characterized in that on one plate fbnmed is a diffusion-reflection coating that can 
simultaneously serve as an electrode, and at least one birefringent anisotropically absorbing layer being disposed 
cfirectly on the reflecting coating or on a dielectric sublayer appfied on the reftectfftg coating, or between the teyer that 
orients the liquid crystal and the other layers applied on the reflecting coating. 

[0243 At least one birefringent anisotropically absorbfrig layer used in all above^ed vosions d the LCI elenrtent can 
have at least one refraction index that is directly proportional to the polarized light wavelength. 
[0246] At least one birefringent anisotropically absorbing layer d at least one polarizer in all abovecited versions d 
the LCI elment can have a thickness whereat the interference extremum at output d the pdarizer at least for one lin- 
eariy-pdarized fight component is realized. 

[0247] Thickness d at least one birefringent anisotropically atjsorbing layer d at least one polarizer in all above-cited 
versions d the LCI element can satisfy the condition d obtaining the interference nvnimum at output d the polarizer for 
one linearly-polarized fight component and the nterference maximum for the other orthogonal linearty-pdarized light 
component. 

[0248] At least one potarizo' in all above-cited versions d the LCI elernemconiprising at le^ 
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as at tost one of them, a birefringent anisotropically absort»ng layer, aixl the other layer is the optically sotropic one 
whose refraction index coinddes with, or maximally proximate to one of the indices of a t>irefringent layer. 
(0249] At least one polarizer in alt the above-cited versions of the LCI element comprising at least two birefringent 
layers, comprises, as at least one off them, the anisotropically absorbing lay&, one refraction index of which layer coin- 
cides with, or maximally proximate to one of the incBces of the birefringent layer, and the second retraction indices of 
the birefringent layer and the birefringent anisotropically absort>ing layer differ from one another. 
[02S0] By varying the used dyes in a LLC composition. LCKievices wSh cfifferent ootoiff. including the gray one, can 
be created. The gray colour can be ateo obtained tjy the Iayer-t>y4ayer application of a birefringent anisotropically 
absofbing layer of ydlow. red and blue colours when they are forweA on plates of a dish. 
[OKI] Useof anassodateofdichroicdyesconprisingionogerucgrotq^swithat 

ulariy surface-active ion for forming a birefringent anisotropically absort»ng layer provides a good orienting capak)ility of 
a polarizer when it is disposed inside a LCI element, whereby the necessity to apply additional orienting LC Isyers 
avoided. By varying the structure of anorganic ion. the orienting and wetting capat>Oities of solutions in manufacturing 
polarizers can be changed, which is important for manufacturing LCI el&nents of various types. 
[0252] Further, the presence of low-nxition organic ions in polarizing coatings provides a low corviuctivity, which in its 
timi lowers the energy oonsunption, thus extending service life of liquid crystal devices. Thereby the necessity to apply 
additional insulating layers when polarizers are cfisposed internally is avoided. 

[0253] >^ety of the odoiff anangements of the claimed LCI element is provided by using the most different dyes, for 
example those of (ll-VQ formulas, for manufacture of polarizers. 

[0254] Use of the interference polarizers based on birefringent anisotropically absorbing layers provides an high 
brightness and homogeneity across the surface of the claimed LCI element, as well as good angular characteristics €S)6 
the at>sence of ehadcws in operation for the reflection. 

[0255] An increased brightness of a LCI element with dmuttaneous lowering of the energy consumption is achieved 
by a polarizer utOiztng more than 50% of the incident light energy. 

[0256] Use of the above-mentioned materials for Ibrming birefrnigent anssotropically absori^ing teiyers provides the 
possibifity to nianufecture t>o4h rnonochromatic and colour LCI elements and cOspiays based thereon. 
[0257] To attain an f«gh brightness sand contrastness of the image in the propcsed device intended for manufacturirig 
the hic^esolutiafi displays, additional orienting and brightening layers can be used alongside with birefringent aniso- 
tropically absorbing layers. 

[0258] Use of the clainied polarizers based on birefriTYgentanisotropicaDyabsoi^^ 

of conventional fflm-kiased polarizing films, in particular iodine polarizers t>ased on PVA. For exanple, combination of 
the interrml polarizer on the 1'^ islate having a iodine-based reflecting or trarsmissive polarizer glued onto the external 
side of the second plate, allows to aeate a device having an high image brightness and contrast and not requiring an 
additional glass i^ually used to protect a polarizer glued onto the extennal side of afirst glass. 
[0259] Further, using a polarizer t)ased on birefringent anisotropicaity akssorising layers, LC indicating elements with 
the extenml arrangemOTt of polarizers can t>e manufactured. For this purpose, birefringent anisotropically at)S0ft»ng 
layers are applied on a transparent isotropic polymer fOm, wh^eafter the so produced film polarizer is glued onto the 
ext^nal side of the plates. It should be noted that the LC device produced in this way comprises much less layers as 
conrpared with the LC device having conventional polarizers k>ased on the PVA films. 

Brfef Description of Drawings 

[0260] A OQi&riz^Qfth^ inl^r^Q^ tm &mr^ing ft? th^ jr^n^n is Olustrated by certain exanyles of the specific 

embodiment as shown in Rgs. 1^. Fig. 1 scheniaiically shows a one-layer polarizer of the reflecting type according to 

the invention. Fig. 2 SGhemafically shows Kinds of dependencies of the refraction index of layo^ in polarizers on the light 

wav^ength. Fig. 3 schematically shows a mi^tayer polarizer acooiting to the invention. 

[0261] A Dolsrixsr of the dichmic ft/ne and a circular polarizer based thereon €ub represented in Fig. 4-5. 

[0262] A polarizer based on a polarizing means of the transmissh/e type according to the invention is iUustrated by 

specific examples of a particular emtxxfiment shown in Figs. 6- 12. 

[0263] Fig. 6 scheniatically shows a cross section of one version of the proposed polarizer i^ 
of one film, on whose surface applied is the following: a polarizing means in the form of volume lenses made of birefrin- 
gent anisotropically absorbing materol, arxJ a nreans for changing polarizatton of polarized light beams in the form of a 
sectbned translucent birefringent plate, sections of wttich plate are dsposed in focuses of said volume lenses. Fig. 7 
schenmtically shows a gm^ view of the proposed polarizer accorcfing to Fig. 6. Fig. 8 schematically shows a cross- 
section of one of versions of ttte proposed polarizer inplemented in the fonn of one film, on the surface of which film 
appTted are: a polarizing means in the form of said >rotume lenses, and a means for changing polarization of the polar- 
ized light beams, implemented in the form of a sectioned tran^cent birefringent plate whose sections are disposed 
outside focuses of said vol ume lenses. Fig. 9 schematicalty shows a cross-section d a versbn of the proposed polarizer 
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in the form of on fSm, on the 8urfEu:e of which fan) applied are: a polara 

nrade of interleaving iayers of biref rfngent and opticaBy ^opic mater^ and a m^ns for changing polarization of the 
polarized Bgm beams inplentemed in the form of a sectioned transtucem 

of quarter-wave plates disposed outside focuses of said an^)(itude zone plates and sections determining the pTmse dif - 
ferenoe between the onfinary and extraordinary rays, (fiffering by n from the phase cfifference determined by said sec- 
tions In the form of quarter^wave plates disposed in focuses of said amplitude zone plates. Fig. 10 presents a cross 
section of one of the possOsledesigr^ of an amplitude zone plate used in the version of the proposed polarizer accoid- 
lngtoFig.9. Ftg. 11 shows a cross section of a phase zone plate made of three layers, oneof whichisbirefringentani- 
sotroplcally absortxng one, and two other are opticaOy isotropic with different refraction Indices: one index is equal to 
the orcfinary retraction index of a birefringent layer, the other being equal to the extraordinary one. Boundaries of these 
layers have a surface proTQe aBowing them, when said ratios of the refraction incfices exist, to play the role of anays of 
identical phase zone plates capable of focusing the rays that are linearty-pola^ These 
arrays of phase zone plates are shifted with respect to one another by an fmH width of one such zone plate. Fig. 12 
shows a cross section of a version of the proposed polarizer in the form of a fifam, on the surface of which film appGed 
are: a polarizing means in the fomn of phase zone plates of the interleaving birefHngent anislropically absorbing and 
optically isotropic materials, the design of wfuch plates is shown in F^. 1 1 , and a m^ns for changing polarization of 
the beams of the polarized light implemented in the fomi of a sectioned translucent birefringent plate, whose sections 
are disposed in focuses of said volume lerses. 

A polarizer based on a oolarizing means of the reflecting tvne according to the invention is illustrated by specific exam- 
ples of the particular embodiment shown in Rg. 13-21. 

[0264] Fig. 3 schematically shows a cross section of the proposed polarizer, characterized in that it is implemented 
in the form of one film or plate, on a first ^irface of which film or plate appBed is a system of microlenses and a sec- 
tioned metalfic rnnor, on a second surface thereof applied is a polarizing means including at least one layer of a chol- 
esteric liquid crystal. Fig. 14 schematically shows a general view of the proposed polarizer accorcfing to Fig. 1 3. Fig. 15 
schematically shows a cross section of the proposed polarizer, characterized in that the same is implemented in the 
fomri of one fHm or plate, on a first surface of which fOm or plate applied are a system of nn^ 
lie mirror and a quarter-wave plate, and on a second surface thereof applied is a polarizing means inctucfing at least one 
birefringem layer having the consent across the layer thickness, directions of t^^ I6and17sche- 
matically show a cross section of the proposed polarizer, characterized in that the same is implemented in the form of 
one fim or plate, on a first surface of which fam or plate applied is a sectioned metalBc mirror, ml on a second surface 
thereof applied is a polarizing nneans and a system of microlenses. Ftgs. 18 and 1 9 schematicaliy show a cross section 
of versions of the proposed polarizer implemented in the fomi of two laminated films or plates, on whose external sur- 
faces af^ied are a polarizing means and two systems of microlenses. and on the internal surfaces thereof applied is a 
sectioned metaDic minor 37. Fi^. 20 and 21 schematically show a cross section of versions of the proposed polarizer 
implenrtented in the form of two laminated films or plates, on whose external surfaces appOed are a polarizing means 
and a system of microprisms. and on the internal surfaces thereof appGed is a sectioned metaQic minor 37. 
[0265] fitamoteg Qf the QMm&i LCI elements in the most typical configurations are shown in Figs. 22-27. Fig. 22 
schematically shows an element of the transmtssive type based on a conventional twist-nematic; Fig. 23 schematicaDy 
shows LCI element of the transmtssive type based on a conventional twist-nematic having other arrangement of the 
polarizing layer and electrodes; Fig. 24 schenmtically shows a LC indicator of the reflecting type based on a conven- 
tional twist-nematic; and Fig. 25 schematicaliy shows a LC Indicator of the transmissive type leased on a 8i4>ertwist- 
nematic; Fig. 26 schematically shows a LC indicator comprising the cofour-switching effect, and Fig. 26 schematically 
shows a matrix LC incficator. 

Description of the preferable embodiments of the dabned polarizer and a liquid crystal Indicating element 

A polarizer of me interference type 

[0266] Fig. 1 shows a diagram of a one-layer polarizer of the reflecting type according to the Invention, comprising 
birefringent anisotropically absorbing layer 1 . said polarizer is characterized in that both its refraction indices (extraor- 
dnaryne and ordinary nj are proportional to the polarized Bght wavelength. In the most simple version, layer 1 is ac^a- 
cent from two sides to air. In more oonrv)leK versions, on one of its surfoces applied is a iight-ref lecting coating. Layer 1 
can be applied also on a substrate, and be, for example, of a transparent glass (shown in Fig. by phantom line). Oper- 
ation of the proposed polarizer of the reflecting type can be explained as foOows. The non-polarized light consists of two 
llneariy-polarized components 2 and 5. the polarization planes of %vfnch components are mutually perpencficular (these 
two oonrponents are conventionally separated in Rg. 1 for illustrative purposes and better understandng). Component. 
2 polarized in parallel to the optical axte of birefringent anisotn^caity absorbing layer 1. is partially reflected from ttie 
boundary of l£^er 1 . thus fomning ray 3. A partial reflection of light of the boundary of interface betwveen laya' 1 and ttie 
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mediun takes place due to a jump (differerrce) of refraction index at said boundary. For a partial reflection of light a 
ligm-reflectingooatinaadcfitionally applied on laye^ having 
passed tfirough kxrefringent anisotroptcalty at>sort3ing l^er 1, is reflected from the second boundary of layor 1. and 
passes through layer 1 once again, thus fornvng ray 4. The reflected rays 3 and 4 a^^ 
ponent2. 

[0267] Thickness of layer 1 is selected such that the optical difference of travel Ae for rays 3 a^ 
to a greater refraction index n^. %vOI t^e equal to an odd number of the polarized light haH^waves, A ^ « + mX . where 
X the light wavelength, m the Interference order. In the case when media at both sides of teyer 1 are trar^parent (non- 
absorbing) and have refraction indices that are less than those of layer 1, then the optical difference of travel is 
A^ = 2dn^4-X/2. wheredis tNdoiess of layer, and value X/2 is a phase junrip in reflection from the first b^^ 
from a more optically dense medium. In this case, the resuft of vrterference d rays 3 and 4 is their nruitual attenuate 
and in the optimum version - their complete k^Wng. The complete baking of rays 3 and 4 is achieved when intensi- 
ties (amplitudes) of 3 and 4 are identical or proximate in respect of their valuer which can be achieved by an appro- 
priate selectk>n of reflectances from boundaries of layer 1 . for example, owing to an addttbnally applied Bght-reflecting 
coating. The Gght-reflecting coating can be a metalfic or dielectric one, of the one-lc^er. or mufti-layer type. When the 
condition of proportionality of the extraordinary refraction index of bir^ngoit anisotropicaay absorbing layer 1 to light 
wavelength K - X) is met. then equality A ^ = ^+ ^72 » X/2 -t- mX wifl be met for the whole range of the operating 
light wavelength range, whk:h provides high polarization characteristics in a wide spectrum regbn. 
[0268] The other linearly-potarized component 5. polarized perpencficuiarty to the optical axis of birefringent aniso- 
tropically absorbing layer 1 . is partially reflected from the first boundary of layer 1 , thus fdnrting 6. The other portion 
of corrponent 5, having passed through layer 1 , is reflected from the seoond boundary of layer 1 . passes layer 1 once 
again, thus tbrnrvng ray 7. The reflected rays 6 and 7 are polarized in the same way as incoming component 5. The 
result of interference of rays 6 and 7 is their mutual intensifkation. i.e. the interference nraximum, for the optical dSlfer- 
ence of trav^ between thm. Ao that corresponds to tiie ordinary (small) r^dion index no, is an integer of wavelength 
Aos2(frio-i-X/2Bxy2-t-mX (phase jump X/2 when ray 6 Is rtflected from the first boundary of layerl also occura for 
this component). When the concfition of proportionality of the orcfinary refractton index of bir^ngent anisotropica&y 
absorbing layer 1 to light wavelength (n^ - X) is met then equaBty of A « 2dn ^-i- xy2 « mX wifl be met for the whole 
range of tiie operating wavdengttis. which means elimination of the spectral dependency of the polarizerls polari- 
zation (^laracteristics. 

[0269] Thus, m a wkle spectrum range, as the result of interference, the total reflection of component 2. polarized in 
parallel to the qukik axis of layer 1 of a birefringent material, is much smaller than reflection of component 5 tiial polar- 
ized perpenctoilariy to tiie quick axis of layer 1. 

[0270] Also possible realization of tiie reverse situation when as the result of tiie interference, tiie total reflection of 
component 2 polarized in parallel to the optical axis of l^er 1 of birefringent material 1 is much greater than reflection 
of corrponem 5 polarized perpendk:ulariy to tiie optical axis of layer 1 . Th^ 

layer 1 is selected such tfiat the optical difference of travel Ae for rays 3 and 4. con-espondlng to tiie extraordinary 
(^eater) refraction index no. is an even number of tiie polarized light hatf-waves A ^ = mX . in thte case the result of tiie 
interference of rays 3 and 4 is tiie interference maximum, i.e. ttieir mutual intensif icatioa Furtiier. tiie optical dfference 
of travel Ao for rays 6 and 7, con^esponding to tiie ordinary (small) refraction index n^ is an odd number of the polarized 
light hatf-vraves A^ X/2 + mX . fri this case the result of tiie interference of rays 6 and 7 is tiie int^ference minimum, i.e. 
thdr mutual atterujation. iskMv. as the r^jlt of the friterference. tiie total reflection of component 2. polarized in parallel 
to tiie optical axis of te^rarl of a birefringemnrateriai. is niuch greater than reflection of corrpon^ polarized perpen- 
cficuiarty to the optical axis of layer 1 of a birefringent material. 

[0271] Rg. 2 schematically shows dependencies of the refraction index of layers in polarizers on the viable Ight wave- 
length, i.a m tiie regk)n of 400-700 nm. Cune 8 conesponds to tiie polarizer according to ttie prototype; wherein tiie 
retraction index of layers deaeases as ttie light waveiengtti ancreases. Such dependency in optics refenred to as tiie 
normal dispersion, and is characteristic for transparem materials. Curve 9 corresponds to ^ 
tiie invention, wherein at least one refraction index of layers grows as tiie light waveiengtti increasea Such depmJency 
in optics is referred as to tiie abnormal dispersion, and for ttie purpose to realize such dependency a polarizer must 
be designed in a special way. The caniedHXrt eocperinients and analyses have sh^ 

a polarizer, characterized in ttiat at least one birefringent anisofropically absort^ng layer has ttie maximal refraction 
index rK>t less than 0.1 in ttie operating waveiengtti range. Here, as in optics, retraction index of ttie manufactured layer 
k is detennined (see also GOST standard 7601 -78) as a coefTident at ttie virtual portion In tiie universal retraction indoc 
of a manufactured layer of a material Z = n - ilc Curve 1 0 oonresponds to a preferable version of a polarizer accortfing 
to ttie invention, characterized in ttiat at least one birefringoit anisotropicalty absortxng layer has at least one refraction 
index (firectiy proportional to ttie polarized light waveiengtti at least at a certain range of ttie operating waveiengtti. The 
(firect proportionality of ttie refraction fridex to ttie lic^ waveiengtti is a more ^ct requirement (concfition), ttian a usual 
growtti of refraction index as the Gght waveiengtti Hncr&ise& hSgh polarization characteristics in a wide spectrun region 
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are provided in a polarizer that is characterized in that the refraction index grows as the polarized light wavelength 
increases but oi a certain range of the operating wavelength, and at aO wavelengths. 

[0272] it ^uld be noted that the wavelength range wherein the anisotropic absorption takes place and. conse- 
quentty, the abnormal cBspersion is observed, can coincide and not coincide with the wavelength operatir^ ranga l=br 
the claimed polarizers of the interference type^ preferable Is a wavelength operating range, wherein the abnormal dis- 
persion is observed, i.e. at least the refraction Max grows as the light wavelength inaeases. 
[0273] Fig. 3 schematically shows a mutti-tayer polarizer accorcfing to the invention, comprising 4 birefringent aniso- 
troptcally absotbing l^ers 1. characterized in that the extraordinary refraction index n^ of these layers grows as the 
polarized light wavelength inaeases. Said layers 1 are applied as interleaved with four layers 11 of an optically isotropic 
material, the ordinary refraction index n^, of a birefringent material coinciding with, or being proximate to refraction index 
nj of the opticalty isotropic material. The birefringent anisotropically absort)ing layers 1 can be inplemented as being 
identical, or of different mat^s, being diflo'ent, for exampla In respect of spectrum ranges, within which ranges the 
extraoftfinary refraction index ne grows as the wavelength increasea 

[0274] Operation of the proposed polarizer can be explained as Mem, A non-polarized light consists of two linearty- 
polarized components 2 and 5. the polarization planes of which components are mutually perpendicular (these two 
components in Fig. 3 are conventionally separated tor the Qlustrative purposes and be^er understanding). Conr^xment 
2 thai is polarized in paraOel to the optical axis birefrmgem anisotr 

boundaries of layers 1 and optically isotropic layers 11, thus forming rays 3. Ihe reflected rays 3 are polarized in the 
same way as inoorrang corrponent 2. 

[02^ Thickness of layers 1 is selected such that the result of interference of all rays 3 is the interference maximum, 
i.e their mutual intensification. The reflectance thereby reaches 98-99.9%. which means that Gneartyiwiarized conpo- 
nent 2 is practically completely reflected from a polarizer, fonning 12. When a nx>re rigorous, than simple increase, 
condition » satisfied, namely the concfition of the direct proportiorality of the extraorcfinary refraction index of birefrin- 
gent anisotropically absorbing layers 1 to the light wavelength (Oe - X), the interference maximum condrtion wQl be met 
for the whole operating wavelength ranga 

[0276] To the other non-pdarized light component 5. that is linearly-polarized perpencGculariy to the optical axis of 
layers 1, corresponds the ordinary refraction index r\, of layers 1, being equal to refraction index m of the optically iso- 
tropic layer ( n ^ «n | ). In tNs case there no any reflection from boundaries of layers 1 and 1 1 . and lineariyix>larized 
component 5 passes through a multi-layer polarizer completely, without any reflections^ thus forming ray 13. Reflection 
of compon^ 5 from the external surfaces da polarizer can be eGrrtinated using the usual method of ((brightening)). 
i.a by applying on the external surfaces the isotropic layers having theoptical thickness about a quarter of wavelength 
and refraction index of no^^. 

[0277] As the result the polarized light impinging upon a nujlti-layer polarizer is divided into two parts and transformed 
into lineariy-polarized ray 12 that passes through a polarizer, and orttiogonally polarized ray 13 reflected from a polar- 
izer. 

[0278] The above-dscussed examples do not llrrat the possible versions of specific embedments of the proposed 
polarizer. 

[0279] Thus, in aO the above<ated examples, provided are hi^ polarization characteristics of a polarizer in a wide 
spectrum region, when nd more than 10 U^ers are used. 

[0280] Principle d operation of the captioned polarizer is based on that the pdarized fight while pas^g trough said 
layer is partially absorbed the chronrKjphore system of a dye. Thereby passes only that portion of the light waves, 
wherein direction of oscillations d the electromagnetic field electric component is perpendcular to optical transition 
(03010 moment (Fig. 4). 

[QE281 ] When a birefringent anisotropically absori»ng layer is applied on a quarter-^vave birefringent plate or a film at 
aitgle d 45*" to the main optical euds d a substrate, a circular polarizer can be manufactured (Rg. 5. a and b are cGrec- 
tions d the ordinary and extraordinary rays, respectively, n s the polarizing layer pdarization vector direction). Thick- 
ness of a birefringent f flm must satisfy the following concfition: 

where d is thickness d a pdynrmr f ibn; Oo and ri^ are the ordinary and extraordinary refraction incBces; X is waveter^ ; 
m is an integer. 
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A oolarizBr based on a Dolaraina means of the trans m^ivetvoe 

[0282] Rg. 6 schematicaily shews a cross section off one version of the proposed polarizer irnplemented in the form 
of one 10m 11 , on the surface of which film appOed are: a poterizing means in the form of volume lenses 1 5 made of a 
birefringent anisotropicalty absort»ng material, and mear^ tor changing polarizatron of beams 18 of the polarized light, 
implemented in the fomi of a sectioned translucent half^wave btrefringent plate, sections 1 9 of which plate are disposed 
in focuses of said volume lenses 15. The rneans for changing polarization of beams 18 of the polarized light can be also 
implemented in the form of a sectioned translucent potym^ed birefringent layer of a Oquid crystal havir^ the twist 
stojctu-e. with rotation of the optical axis of the liquid crystal within thickness of said layer at angle of 90**. sections of 
which layer are also disposed infbcusesof said volume lenses 15. 

[0283] Operation d the proposed polarizer can be explained as follcws (for t>etterunder^^ n Rg. 6 travel of 
rays of different polarizations 17 and 18, and. consequeifrtly. their extensions 13 and 20. is shown at the neighbouring 
elementary cells of the considered polarizer). Non-potemzed light 14 incident on a first surface of a polarizer, whereon 
volume lenses 15 are disposed. Passing through volume lens ISmadeof at>irefringent material -optical axis 16 toeing 
in the pattern plane and the ordinary refraction index being equal to refraction index ofthe isotropic material off film 11, 
• component 1 7 that is linearlyi)olarized perpendicularly to the pattem plane, having passed \m 1 5^ does not undergo 
refractionatthebcundaryof interface of lens 15 and film 11, owing to which drcumstance fight beam 17. retaining the 
(Srection and shaped incident ligM beam 14. passes through the second Ixmnd^ light 
beam 13, polarized perpendicularly to the pattem. Sectioned translucent half-wave t»refringent plate practically does 
not affect pdarization of parallel light beams 13, for the transverse dimensions of its sections 1 9 are selected as to be 
much smaDer than those of volume leroes 15 (for example, the transverse cfimensions of sections 19 of a haH-wave 
plate are 10 mcrn, and those of rnicrdenses are 100-200 nricm). Paswg through v^ 

material • optical axis 1 6 being cfisposed in the pattern plane, and ttie extiaordinary refraction index exceecfing rdrac- 
tion Index of the isotr(«)ic material of fibn 1 1 - component 1 8 that is linearty-polarized in the pattem plane, having passed 
through Im 1 5. is focused on the second surface of f am 1 1 . where disposed is section 19 of the sectioned translucent 
half-wave birefringent plate, which section, when convergent fight beam 18 passes therettvough. changes polarization 
of said beam, thus fonming divergent light beam 20. that is linearly-poiarized perpendiculariy to the pattem plane. Such 
change of the polarization plane is caused by the known optical prcperties of a tran^cent half-wave birefringent plate 
having the optical axis <firected at angle of 45*" to the plane of polarization of the light incklent thereta Thus, a& the result 
of operation of this polarizer, energy of non-polarized ligM 1 4 is converted into energy of the outcoming fughly polarized 
beams 13 and 20, havoig identical Gnear polarization, to an extent over 50%. 

[0284] Rg. 7 schematicaOy shows a general view of the proposed pdarizer. a cross section of which polarizer is 
shown in Rg. 6. This polarizer » implemented in the form of a f Om or plate 1 1 , on a first surface of which film or plate 
applied is a system of cylindrical microlenses 15 made of a birefringent mataial, and on a second surface of fOm or 
plate 1 1 applied is a means for changing polarization of the Bnearty-pdarized light beam incident thereon, which means 
has the form of a system of str9>s 19 of translucent birefringent films, sakl system being optically registered with said 
system of cylindrical lenses 1 5. Rg. 7 ateo shows the travel of beam 14 of non-polarized incident on polarizer, and 
the travel of direction-coincident beams 1 3 and 20 of light outcoming from the polarizer, which light is lineariy-polarized 
in one plana 

[0285] Rg- 8 schematically shows a cross sectfon of one version of the proposed polarizer inrplemented in the form 
of film 11 . on the surface of which film applied are: a polarizing means implemented in the form of said vohime lenses 
15, and a nneans for changing polarization of beams 17of polarized light implemented in the fonn of a sectioned trans- 
lucenft haK^wave btrefringent ptate, sections 21 of wfvch plate are disposed outside focuses of said volume Ienses15. 
The means fa changing polarizatksn of beams 1 7 of tfie polarized light can also k^e implemented in the form of a sec- 
tioned translucent polymerKed birefringent layer of a lic^ crystal having the twist structure, wftii rotation of the optical 
axis of the nqiod crystal within thickness of said layer at angle of 90®. sections of which layer are also cfisposed outside 
focuses of said volume lenses 15. 

[0286] Operation of the proposed polarizer can be explained as follows (for the sake of darity, in Rg. 8 the travel of 
rays of cfifterent polarizations 17 and 18, and. oonsequenlly. their extensions 22 and 23, fs shown at ttie adjacent ele- 
mentary cells of the considered polarizer). Non^polarized fight 14 is incident on a first surface of a polarizer, whereon 
volume lenses 15 are disposed. 

[0287] ConponOTt 1 7, fineariy-potarized perpendicularty to the pattern plane, passing tftrough volume lens 1 5 made 
of a birefrirtgent material • optical axis 1 6 t>eing disposed in the pattem plane and the ordirary refraction index t>eing 
equal to refraction index of the isotropic material of f im 1 1 - and having passed through said lens 1 5. does not undergo 
any refractkin at the boundary of interlace of lens 15 and film 11, so that light k>eam 17 retains the directfon and shape 
of incident light beam 14. Passing through the second boundary of fOm 1 1 . whereon sections 21 of the sectioned trans- 
lucent half-wave birefringent plate are disposed, light beam 17 changes Its polarization, thus fbrming parallel beam 22 
of the fight polarized in the pattem plana Such change of the polarization pteme is caused by the known optical proper- 
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ties of a translucem half-wav^ birefringent plate 

tion of the light incident thereoa Intervals between eections 21 of the sectioned translucent half-wave bir^noent plate 
do not pracficafly affect polarization of parallel light beams 46, becai^ the transverse cfimensicns of Hs sections 19 are 
selected as to he much smaDer than those of volume lenses 1 5 (for example, the transverse cGmensions of intervals 
t>elween sections 19 of a half-wave plate are 10 mem, and those of microlenses are 100-200 mem). Rissing through 
volume lens 1 5 made of a birefringent material - optical axis 1 6 being diqmed in the pattern plane, and the extraordi- 
nary refraction index exceeding refraction Index of the isotropic material off f Bm 1 1 . - component 1 8 that is lineariy-polar- 
ized in the pattern plane, taving p^sed through lens 15, is focused on the second surface of film 1 1 , thus reaching the 
interval between two n^hbouring sections 21 of the sectioned translucent haff-wave birefrvigent plate and then leav- 
ing the polarizer in the form of divergent light beam 23 that is polarized, as beam 18. 

result of operation of this polarizer, energy of non-polarized light 14 is converted into energy of the outcoming highly 
polarized beams 1 3 and 20 havortg identical Gnear polarization, to an extent over 50%. 

[0288] Fig. 9 schematically shows a cross section of one version of the proposed polarizer inrplemented in the form 
of film 11, on surface off whichftim applied are: a polarizing means in the fonm of amplitude zone plates 24 made of inter- 
leaving layers of the birefringent and optically sotropic materials, and a means for changing polarization of beams 17 
and 18 of the polarized Bght, implemented in the fomi of a sectioned translucOTt birefringent plate having sectior^ 25 
in the form of c^jarter^wave plates disposed outside focuses of said amplitude zone plates 24, and having sections 26 
in the form of plates detemnining the phase difference between the ordinary and extraordinary rays, bang different by 
X from the phase difference determined said sections 25 in the form of quarter^wave plates <fisposed in focuses of 
said amplitude zone plates 24. 

{0289] Operation off the proposed polarizer can be exp^ed as follows (for 

ent polarizations 17 and 18, and, consequently, the travel of their extensions 27 and 28, is shown on neighbouring ele- 
mentary cefls of the considered polarizer). Non^arized light 1 4 is incident on a first suriace of a polarizer, whereon 
(fispoeed are anplrtude zone plates 24. Unearty-pdarized perpendicularty to the pattern plane conponent 1 7. passing 
through amplitude zone plate 24 made of int^eaving layera of a birefringent anisotroptcally absorbing material and 
optically isotropic nriaterial - opUcal axis 16 of said birefringent nna^ 

nary refraction index being equal to refraction index of said isotropic material, having passed zone plate, is not reflectad 
in ariy way finom boundaries of Interface of interleaving birefringent and isotropic layers, so that Gght beam 1 7 continues 
to retain the (firection and shape of incidoit light beam 14. Beam of light 1 7 that e Enearly-polarized perpmf icularty to 
the pattern plane, passing through the second boundary of fam 11. whereon, outside the focus of said anplitude zone 
plate 24, cfisposed are sections 25 of the sectioned translucent quarter-wave birefringent plate, changes Its polarization, 
thus forming parallel beam 27 of the drculariy polarized light Thereto the translucent birefringent plate having sections 
26, disposed In intervals t>etween said sections 25 of the translucent quarter^wave birefringent plate, and determining 
the phase difference beh«reen the ordinary and extraoitfinary rays differing by n from the pTmse cfiffo^ence determined 
by. said sections 25 of the translucent quarter-wave birefringent plate, does not practically affect polarization of parallel 
light t>eams 27, t>ecau8e its transverse cfimersions are selected to be much smaller than the transverse dimensions of 
ampGtude zone plate 24 (for example, the transverse dimensions of birefringent plate 26 are 10 mem, and the trans- 
verse dimensions off the ampfitude zone plate are 100-200 mem). Unearty-polarized component 18. that is polarized in 
the pattern plane; passing through amplitude zone plate 24 made of interieaving teiyers of the birefringent anisotropi- 
cally absorbing and optically isotropic materials - the optical axis 1 6 of said birefringent material being disposed m the 
pattern plane, and the extraordinary refraction index thereof exceeding refraction index of said teotropic material. - hav- 
ing passed zone plate 24, is focused on the second surface of fibn 11, whereon disposed are sections 20 of the trm 
lucent birefringent plate 1 1 determining the phase difference between the ordinary and extr a or din ary rays, cfiffering by 
% from the phase difference determined by sectfons 25 of the translucent birefrfrHjent plate, which sections are quarter- 
wave ptates and when the convergent fmeariy-polarized in the pattem plane, light beam 1 8 passes through them, th^ 
change ite polarization, thus lonning divergent beam 28 of the drculariy polarized light of the same sign as the drculariy 
polarized light in beam 27. Such change off the pdarization plane of beams 17 and 18 is caused by the known optical 
properties of the appropriate translucent birefrin^jem plates fravmg the optical axis direded at angle of 45*' to tto 
of polarization off the light incident thereon. Thus, as the resutt off operation of the polarizer, energy of non-polarized light 
14, to an extent over 50%, is converted into the energy off the outcoming highly polarized beams 27 and 28 having the 
identical drcular polarization. 

[0290] Rg. 10 shows a cross section of one of the possaalededgns of an aniplitude zone plate used in 
the proposed polarizer according to Rg. 9. In design of amplitude zone plate 24. cross section of which plate is shown 
in Rg. 1 0. used are regions 1 off a birefringent anisotropicalty absorbing material having refraction incfices Oo of the ordi- 
nary ray. and ne of the extraordinary ray, whose conv^rtionally designated optical axes 16 are disposed in the pattem 
plane and positioned between layers of the optically isotropic material 30. 31 and 32. having refraction index no- Owing 
to thte circumstance, said ampGtude zone plate transmits, without dianging the geometry of the beam and the intensity 
off the light fight beams 5 that are polarized perpendicularty to the pattern plane, fanning at oulput of said amplitude 
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zone ptete a parallel light beam 1 7. Gnearty-polarized perpendicutarty to the pattern plane, and transnuts rays 29, delay- 
Ir^ rays2, both of them being Onearty-polarlzed in the pattern plane, fonming from raye 29. owing to difrractioa conver- 
gent beam 18 that Is also linearty-polarized in the pattern plana To provide the above-described operation of said 
amplitude zone plate, certain relation5hf)s must be maintained b^een refraction Incfices n^, Ho. light wavelength X, 
ttvchness of layer 1, as well as between thicknesses layers 30 and 32 that provide the ak)sence of transntission of 
b^ms 2 lineariy-polarized In the pattern plane by mes of said amplitixJ zone plate fmving poUons 1 of l^ers made 
of a birefringent material owing to the phenomenon of interference in thin f Ims. For example, tor the case shown in Rg. 
1 0, this relationship has the tomi cf^Td^n^-^XJ^BrnX, where m is an integer referred as the interfer^ice order. Thus, 
at output from the amplitude zone plate formed are two light beams: the paraOel one 17 and the convergent one 18, 
which beams have the Onear polarization in two mutually orthogonal planes. 

[0291] Rg 11 shows a cross section of a phase zone plate nriade of three layers, one of which 11 is the isotropic layer 
and has refraction index rV| . the other layer lis the bircEfi^igent anisotiopicaOy absortxrig one, having refraction IrKiex t\\ 
along axis 1 6 lying in the pattern plane, and n^ > n^ along axis 33 perpendicular to the pattern plane, and the following 
the latter layer 30 is the isotropic one, as the first one, but tavingrefi^ ffidexn2. Boundaries 11 and 11, as well as 
layers 1 and 30 have a surface profBe aOowing them - under the condhion of meeting said relationships between thar 
refraction indices - to serve as anays of phase zone plates capable of differently focusing the rays llneartyi)olarized in 
the mutually orthogonal planes. These arrays of phase zone plates 34 and 35 are shifted %vith respect to one another 
by half-width of one such phase zone plata 

[0292] Operation of the phase zone plate shown in Rg 11 canbeexplainedasfbaows. A ray of non-polarized fight 14 
being a aqderposition of two lineariy-polarized orthogonally to one another rays 2 and 5, having passed through flat sur- 
face of layer 1 1 and reached boundary 34 of layers 1 1 and 1 of the phase zone plate, passes therethrough and, In layer 
1, is divided into two rays: ray 18 polarized in the pattern plane, and ray 17 polarized perpendiculariy to the pattern 
plana Further, owing to the fact that r^raction index of isotropic layer 1 1 and refraction index birefringent layw 1 for the 
light wave polarized along axis 1 6 are identical, ray 2 that is also polarized along axis 16, passes through tiie phase 
zone plate having boundary 34 of layers 1 1 and 1 . transforming itself into ray 1 8 directed similarty to ray 2, i .a travelGng 
perpendiculariy to the polarizer plane and having the same poiarizati For the reason tfiat refraction index of teotropic 
layer 11 and refraction index of birefringent layer 1 for the fight wave polarized along axis 33 are not identical, ray 5, 
polarized along axis 33, passes through boundary of layers 11 and 1 of the phase zone plate, transforming itself into 
ray 17 that is deflected from the direction of propagation of ray 5 to the focus of said phase z Further, ray 17 

polarized perpencBcularty to the pattern plane, continuing its. inclined to the layers* plane, propagation in layer 1. 
reaches another phase zone plate having bouidary 35 between layers 1 and 30 and passes therethrough thereby 
transforming itself Btto ray 1 3 polarized, sintilarly to ray 1 7. perpendiculariy to the pattern plane and propagating In layer 
30 wttiiout changing the (firection. i.e. along tiie direction of propagation of ray 17, because refraction index of teotrc^ 
layer 30 and refraction index of birefringent layer 1 for the light polarized 

tern plane^ are identical. For the reason that refraction index of isotropic layer 30 and refraction index of birefringent 
layer 1 fa ttie Sght wave polarized along axis 1 6 are not identical, ray 1 8 polarized along axis 1 6 passes through bound- 
ary 35 of layers 1 and 30 of the phase zone plate, transforming hseif into ray 22 ttiat is deflected from the direction of 
propagation of ray 1 8 to ttie focus of tiie phase zone plate having boundary 35 between layers 1 and 30. 
[02^ Rg. 12 schematically shows a aoss section of a version of tiie proposed polarizer, whos^ 
implemented in the form of an array of phase zone plates 34 and 35. dedgn of which ptates is explained in Rg. 1 1 . Rays 
22 and 1 3 foo^. respectively, by pT^se zone plates 35 and 34 are collected In focuses to 
of the polarizer that ts opposite to the surface whereon non-polarized fight 14 is inddent On the output surface of ttie 
polarizer also cSsposed are sections 1 9 d a sectioned translucent hatf-wan^ birefi^ 

\r}Q polarization of the lineariy-polarized light beams, having the polarization plane disposed at angle of 45'' to the direc- 
tion of ttie optical axis of said hatf-^wave Plata Th^ change polarization d in tiiepattem plane 
to the ortttogonal polarization, converting them ffito fight beams 20. Due to the action effected by said mrans for flang- 
ing polarization, rays 20 and 36 that leave ttie polarizer become polarized identicaOy, i.e. in ttits case - perpendiculariy 
to the pattern plana Thus, as the result of operation of ttie polaraer the energy of non-polarized lig^ 1 4 is converted, 
to an ext&tt exceecfing 50%. imo the energy of ttie outooming highly polarized bearns 20 and 3^ 
ization in ttie same plana 

[0294] The ifiustrated in Rg. 6 - 9 and 12designs of means for dividbig each of ttie non-polarized fight beams into two 
linear^-polarized light beams having cfifforoit mutually orthogonal linear polarizations, and designs of the means for 
changing polarizaticm of at least one of said Gnearty-polarized fight beams can be combined also In other possible ver- 
siof^ 

[0295] Thus, the use of a birefringemnrialeriat having at least one refraction index groM^ 
polarized fight masses, allows to create a polarizer ttiatwifi provide conversion of more ttian 50% of aD ttie en^yof 
ttie non-polarized radiation into the polarized racfiafion. whQe having a relatively simple design being a fflm <»r plate, on 
suriaoe of which film or plate applied is a polarizing means in ttie form of focusing optical elements implementad of said 
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birefringent layer and optically registered with the applied on the film or plate surface a means for changing polarization 
implemented in the form of a sectioned transluoent birefringent plate or a layer. 

A DOlarizBrbasGdonsDOlsrizing nmfifvi of the rf^^nhnp /i/pp 

[0296] Rg. 13 schematicaDy shows a cross section of the proposed polarizer acco^ inpl&nented in 

theformofonefOmorplatell.onafn^surfeoeof wNchfitmorplatesequenti^ areasystemof miaolenses 

38 and a sectioned metallic m^or 37 optjcaOy registered with said system of mlcrolenses. and on the second surface 
thereof applied is a means 39 tor dividing the non-polarized light beams into the polarized passing and reflected light 
beams, that indudes at l^st one layer of a cholesteric liquid crystal. 

(02971 Opmrtion of the proposed polarizer can be explained as fdlows (lor the sato 13thetravelof 
is shewn in a simplified way. without taWng into account the r^cfion at boundaries of cfifferent layers, and oily for 
one microlens}. Non-polarized l^ht 14 is incident on a first surface of the polarizer and focused by miaoienses to the 
direction inside the polarizer, forming Gght beams 41 . A sectioned m^lic mim>r 37 does not practically shield the non- 
polarized Gght 14, because the transverse dimensions of its light-reflecting elements are selected to be much smaller 
than the transverse d^nsions of microlenses (for example, the transverse dimensions of the light-reflecttng elements 
are 1 0 mem, and the transverse dmensions of microlenses are 100-200 mem). The, focused by lenses 38. light beams 
41 reach means 39 for civlcfing the nort-pdarized light beams into the polarized passing and reacted light beams that 
include at least one layer of cholesteric liquid crystal. Theret>y. approximately an half of the light energy of norvpolarized 
light beams 41 is converted into the energy of passing light beams 27, for example with the right circular polarization 
(the direction of the dreular polarization of the passing light beams is opposite to the sign of the spiral of the used chol- 
esteric liquid crystal). The other half off the light energy of non-polarized light beams 41 is converted into the energy of 
the reflected light beams 40, in this case - with the left circular polarization (the drection of the circular polarization of 
the reflected light beams coincides with the sign of the spiral of the used cholesteric fiquid crystal). The reflected l^ht 
beams 40 hav^ the left draiar polarization are focused into a point on the Bght-rrflecting elements of metallic mirror 

37 (for this purpose, the focal distance, or in otha* words, focal power of microlenses 38 is seized property). The. 
reflected from nrtetallic nrtirror 37, light beams 28 have the right circular polarization, i. e. the polarization that is opposite 
to polarization of light beams 30 that impinge on metalfic mirror 37. Sutih change of polarization is caused by the known 
optical properties of a metallic mirror. Ught beams 28, having the right drcular polarization, pass through the layer of 
the cholesteric liquid crystal, without any change. Thus, as the result off operalfon off the pdarizer. energy of noivpolar- 
ized light 14 practically completely is converted into the energy of the outcoming polarized beams 27 and 28 having the 
identicai drcular polarization of an high degree. 

[0298] I=6r the purpose to broaden the operating wavelength range of the pdarizer, the means fbr dividing the non- 
polarized fight beanfs into the polarized passing and reflected fight beams implemented in the form of at least one bire- 
fringent layer, indudes at least three layers of cholesteric liquid crystals having bands of selective reflection of light in 
three different spectrum regiona 

[0299] In the same, or another version of the polarizer having a broadened operating wavelength range, at least one 
layer of a cholesteric fiquid crystal has across its thickness a gradient of the cholesteric spiral pHeh and, as the result, 
has the spectrum width of the fight selective reflection band of not less than 100nm. 

[0300] Preferable is a polarizer, characterized in that at least one layer off a cholesteric liquid crystal is made of a pol- 
ymer cholesteric liquid crystal. 

[0301 ] To avoid energy tosses of the drcularty polarized lifi^ into the linearfyi)olarized one, outcoming from the polar- 
izer, a quarter-wave plate can be additionalty posittoned at output off the polarizer. 
[0302] Fig. 1 4 schen«rtkally shows a general view off the proposed polarizer, whose cross se^ 
The polarizer is imptenronted in the form of one fifrn or plate 1 1 , on a first surface of which film or plate sequentiaDy 
appfied are a system of microlenses 38 and a secttoned metallic minor 37 optically registered with said system of nve- 
rdenses, and on a second surface thereof applied is means 39 for diving the nonpolarized fight beams into the polar- 
ized passing and r^leded fight beams, that includes at least one layer of a cholesteric fiqukJ crystal. As the result of 
operation off the pdarizer, energy off non^)olarized fight 1 4. practkally oompletely, is converted into the energy off polar- 
ized beams 27 and 28 having the identical drcular polarization. 

[0303] Fig. 15 schematicaDy shows a cross sectton of the proposed polarizer according to ano^ in^e- 
mented in the form of one fflm or plate 1 1 , on a first surface of wfftich film or plate applied are a system off microlenses 

38 and sectioned metalBc mirror 37 optically registered with said system off microlenses. Ut;>stream of sectioned metalfic 
mirror 37 positioned is quarter-wave plate 25 that is sectioned. i.a covering at least the entire surtace of sectioned 
metaDic mirror 37, as shown in Rg. 15, or non-sectfoned, i.e. covering entirety the first surface off the pdarizer. On the 
second surfece of fflm 1 1 applied is means 42 for dividing the non-polarized fight beams into the polarized passing and 
reflected fight beams, inducfing at least one birefringent layer having the constant across the layer thickness, drections 
of the optical axes. 
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10304] Operafond the proposed polarizer can be explained as fblk^ 13thetravelof 
rays is shown in a simplified way, without taWna into aooountthe refraction at boundaries of different layers, and only for 
one microlm). Mon-polarized fight 14 is incident on aflrst surfBce of the polarizer and focused by microlenses to the 
<firection inside the polarizer, fbmiing Dght beams 41. Sectioned melalBc nwror 37 does not practically shield the non- 

5 polarized Gght 14. because the transvase dimensions of its light-reflecting elements are selected to be nuich smaOer 
than the transverse dimen^ons of microlenses (for exanple, the transverse dimensions of the Ught-rellecting elements 
are 10 mem, and the transverse dimensions of miadenses are 1 00^)0 mem). The, focused by lenses 38, light beams 
41 reach means 42 for divicGng the non-polarized light beams into the polarized passing and reflected light beams that 
include at least one birefringerrt layer having the constant across the Ic^r thickness, directions of the optical axes. 

10 Thereby, approxinrBtety an half of the light energy of non-polarized^^ isconvertedintothe^iergy of pass- 

ing Gght beams 1 7, having, tor example, the linear polarization that is perpendicular to the pattern plana The other half 
of the light energy of non-polarized light beams 41 is converted into tlie energy of the reflected Gght beams 3. in tNs 
case - with the Gnear polarization that is paraOel to the pattern plane. The reflected Gght beams 3, having the linear 
polarization that is parallel to the pattern plane, pass through quarter-wave plate 25 and are focused into a point on the 

IS light-reflecting elem^ of metallic mirror 37 (for this purpose, the focal distance, or In other words, focal power of mic- 
rolenses 38 is selected properi^. The reflected from metallic mirror 37 and passed again through quarter-wave plate 
25 lifi^ beams 13 have the Gnear polarization that is perpendicular to the pattem plane, i.a is orthogonal to 
polarization of light beams 7 that are Hiddent on metaflic mirror 37. Such change of the polarization is caused by the 
known properties of the combination of a quarts-wave plate and a metaOlc ntinor. Ught beams 13. having the linear 

20 polarization that is perpmlicular to the pattmi plane, pass without any change through the birefringent layer having 
constant, across the layer thickness, (firections of the optical axes. Thus, as the result of operatfon of the pdarizer the 
energy of non-polarized Gght 1 4 practkally completely is converted into the energy of outcoming polarized beams 1 7 
and 13 that have the identical high-degree linear polarization (in this case the polarization that Is perpendicular to the 
pattem plane). 

25 [0305] Rg. 16 schenriaticaGy shows a cross section of the proposed polarizer Jmpl^ 

plate 11, on a first surface of which film or plate appGed is sectioned metalGc minor 37, and on the second surfece of 
f Bm sequentially applied are a system of microlenses 38 optk;aQy registered with sections of m^lic nvrror 37, and 
means 39 for divicf ng the non^larized Gght beams into the poized passing and rtflected fight beanfis. including at 
least one layer of a cholesteric liquid crystal. 

30 [0306] Operation of the proposed poteurizer can be explained as follows (for 16 the travel of 

rays is shown in a simplified way. without taking into account the refractfon at boundaries of different layers, and only for 
one mforolOTs). Nonix>larized Ught 1 4 passes through film 1 1 and system of microlenses 38. whfoh system by Ibcu^g 
converts ttie incoming nort-polarized light 1 4 into a plurality of identical light beams. These beams reach means 39 for 
cfividing the non-polarized light beams into the polarized passing and reflected light beams, that indules at least one 

35 l^er of a chde^eric liquid crystal. Sectioned metalHc mnror 37 does not pnictKaOy shield the non-polarized light 1 4. 
t)ecause the transverse dortensions of its Gght-ref lecting elements are selected to be much smaller than the transverse 
dmensions of microlenses (for example, the transverse dimensions of the light-reflecting elements are 10 mem, and the 
transverse dimensions of nicrdenses are 1 00-200 mem). For this reason, approximately an half of the light eneigy of 
the non-polarized light beams, having passed through polarizing m^uis 39. is conveled into the energy of passing light 

40 beasns Z7, having, for example, the right circular polarization (the direction of the circular polarization of the pasang 
light beams is opposite to the sign of the spiral of the used cholesteric liquid cry^. The other half of the light energy 
of tiie non-polarized light beams is converted into the energy of the reflected light beams 40, in this case - with the left 
circular poterization (the Erection of the circular polarization of the passing Dght beams is opposite to the sign of the 
spiral of the used cholesteric liqidd crystal). Light beams 40, having the left circular polarization and reflected from 

45 polarizing means 39 and having passed once again me system of miaoler^ 38. are focused into a point on the l^ht- 
reflecting elementB of melalDc mirror 37 (for this purpose, ttie focal dstance, or in other words, focal power of micro- 
lenses 38 is selected properiy). The. reflected from metalOc minror 37. light beams 28 have the right circular polarization, 
i.a the polarization that is opposite to polarization of Gght beans 40 that are incident on metallic minor 37. Such change 
of the polffization is caused ksy the known properties of a metalHc minor. Ught beams 28. having the right circular polar- 

50 ization, pass without any change through a layer of cholesteric lic^d crystal. Thus, the result of operation of the 
polarizer, the energy of non-polarized light 1 4 practically corrpletely is converted into ttie energy of outcoming polarized 
beams 27 and 28 that have the identical high-degree linear polarization. 
[0307] A nfiorepr^raUe IS a pdarizer according to ttie inv&itioa characterized in that at least 
teric Gquid crystal has. across ttiickness, a gracfioit of ttie cholesteric spiral pitch and, as ttie result, has ttie spectrum 

55 widtti of ttie tight selective reflection band of not less ttian 100 nm. 

[0308] Rg. 1 7 schematicafly shows a cross section of ttie proposed polarizer, implemented in ttte fdnn d one film or 
plate 1 1 . on a first surface of which film or plate applied is sectioned metallic mirror 37. Upstream of sectioned metalGc 
minror 37 appfied s quarter wave plate 25 that is sectioned, i.e. covering at least ttie attire surface of sectioned metalGc 
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mirror 37, as shown in Fig. 1 7, or is the non-sectioned one, i.a covering entirety the first surface of the polarizer. On the 
second surface of thefOm sequentialty applied are a system of microtenses 38 optically registered with sectior^ of 
metaDicnmna 37. and means 42 for dividing the nonixilarized light light 
beajms, inclucfing at least one btrefringent layer having the constant, across the layer ttnckness, directions of the optical 
axea 

[0309] Operation of the proposed polarizer can be explained as fdlows (for 17thetravelof 
rays is shown in a simplified way, without taking into account the refraction at boundaries of different layers, and oily for 
onemk^ens). Nor>i3olariz6d Ggm 14 passes through fSm or plate 11 and sys^ 

focusing converts the incoming non-polarized light 14 into a piura&ty of identical light beams. These beams reach 
means 42 for dviding the non-polarized light beams into the polarized passing and reflected light beams, that includes 
at least one birefringent layer having the constant aaoss the l^er tNckness. directions of the optical axes. Sectioned 
metaDic mirror 37 does not practically shield the non-polarized light 14, because the transverse dimensions of its Gght- 
reflecting elemenis are selected to t>e much smaller than the transverse cfimensions of microlenses (for exanple, the 
transverse dimensions of the light-reflecting elements are 10 mem, and the transverse dimensions of microlenses are 
100-200 mem). For tfvs reason, approximately an half of the light energy of non-polarized tight beans, having passed 
through polarizing means 42, is converted into the energy of passing light beams 1 7, having, for exanple. the linear 
pdarization that is perpmlicular to the pattern plana The other half of the Ug^ energy of the non-polarized light beams 
is converted into the energy of the reflected bearns 3, in tfus case -with the linear polarization that is parallel to the 
pattern plane. Light beams 3 reflected from polarizing means 42 and havmg passed once again the system of nucro- 
lenses 38. pass throuc^ quarter-wave ptate 25 arwl are focused into a point on the lidht-reflecting elements of metallic 
mirror 37 (fbr this pi^pose. the Ideal cfistance, or in oth^ woids. focal power of ntoolenses 38 is selected property). 
The passed through quarter-wave plate 25, rtflected from metaiiic nrirror 37 and passed once again quarter^wave plate 
25, fight beams 1 3 have the linear polarization that is perpendicutar to the pattern plane. i.e. is ortfiogonal to polarization 
of Itc^ beams 3 that are inctdent on metric minror 37. Such change of the polarization is caused by the tarmm properties 
of the combination of a quarter-wave plate and metallic minror. Light beams 13 having the linear polarization that is per- 
pendicular to the pattern plane, pass without any change through the birefri^ having the constant across the 
layer thickness, d rections of the optical axes. Thus, as the resuft of operation of the polarizer, the energy of noniX)tar- 
ized light 14 practically completely Is converted into the en^gy of outconting polarized beams 17 and 13 that have the 
identical high-degree linear polarization (in this case the polarization that is perpencfictdar to the pattern plane). 
[0310] Fig. 1 8 scheniaticaDy shows a cross section of the proposed polarizer of another version, in^ 
fomn of fbr example, lanrwiated films or plates 1 1 and 30, on the external surface of which f am or plate applied is a 
system of mioolenses 38. on the internal surface of the first or second f Om a plate appGed is sectioned metallic mirror 

37. and on the external surface of the second f Dm or plate sequentially applied are the second system of mtordenses 

38. opticaOy registered with sections of metalfic mirror 37 and with the first system of microlenses. and means 39 for 
dividing the non-polarized light beams into the polarized passing and reflected Gght beams, indufing at least one layer 
ofachole^eric liqi±l crystal. 

[031 1] Operation of the proposed polarizer can be explained as fdlows (for the sake of darity. in Fig. 18 the travel of 
rays is shown in a sinrplif ted way. only for one micnolens). Mon-pdarized ight 1 4 passes through the first system of mic- 
rdenses 38, which system converts the incoming non-pdarized Gght 14 into a plurality d identical light beams41 and 
focuses them on the places of the ffitemal surface of the first fOm a plate that are not covered with sections of metalGc 
mirror 37. After passing through the focus, beams 41 pass through the second system of micrdenses and reach means 
39 for cfividing the non-pdarized light beams into the polarized passing and reflected light beams, that indudes at least 
one layer of a chdesteric liquid crystal. Approximately an fmlf of the light energy of the norvpdarized light beams, hav- 
ing passed polarizing means 39. is converted into the energy of passing light beams 27. having, for example, the right 
drcdar polarization (the direction of the circular polarization of the passing Gght beams is opposite to the sign d the 
spiral of the used chdesteric liquid crystal). The other half of the light energy d the non-polarized Gght beams is con- 
verted into the energy d the reflected Gght beams 40. in this case - with the left circular polarization (the cfirection d the 
drcdar polarization of the rdlected light beams coincides with the sign d the spiral of the used chdesteric liqidd crys- 
tal). The left drcular polarization light beams 40 rdlected from polarizing means 39 and having passed once again the 
second system d miadenses 38, have the parallel rays, i.e. beams 40 are focused in the infinity ^r ths purpose, the 
focal distance, or in other words, food power d microlenses 38 is sdected property). After bdng reflect 
mirror 37. light beams 40 are converted into Gght beanrc 28 that have ttie right circular pdarization. i.e. tfie polarization 
that is opposite to the pdarization d Gght beams 40 that are inctdent on metaiiic mirror 37. Such change d the polari- 
zation is caiffied by the laiown properties d a mdaliic minror. Sectioned metalGc mirror 37 practically completdy reflects 
beams 40, Le. no toss d the fight energy takes place, because the transverse dim^onsd the locations, wherein the 
light-reflecting elements are absent are seleded to be much smaller than the transverse dimensions d miadenses 
(for example^ the transverse cfimensions d sudi locations are 10 mem. and the transverse dn^ensions d miadenses 
are 100-200 mem). Light beams 28 taving the right drcular polarization and the paraflel rays, pass through the second 



36 



EP0961 138A1 



system of nricrolenses and the cholesteric liquid crystal layer without a change in the polarization and intensity state, 
but they are converted into convergent beanns owing to passage through the second system of ter^es. Thus, as the 
resutt of operation of the polarizer, the energy of non-polarized light 14 practicaOy completely is converted into the 
energy of outcoming polarized beams 27 and 28 that have the identical high-degree circular polarization. 
[0312] Fig. 19 schematically shows a cross section of the proposed polarizer accorcfing to another version, imple- 
mented in the form of two. for exampl .laminated films or plates 11 and 30. On external surface of the first fim or plate 
applied is a first system of nucrolenses 38, on the intemal surface of, for exanple. the first flm applied is sectioned 
metalGc n^rror 37. whereon appfied a quarter-wave plate cov^g, if necessary aB sectior^ of metallic minor 37 and, 
possibly, to simplify the used ajaplication technique, also the locations not covered by sections of metallic mirror 37. On 
the external surface of the second film or plate sequentially applied are the second system of microlenses 38, opticaDy 
registered with sections of metal&c minor 37 and with the first system of microlenses. and means 42 for dividing the 
non-polarized light beams into the polarized passing and reflected light beams, including at least one birefringent layer 
having the constant, across the layer thk:kness. cfir^ons of the optical axes. 

[0313] Operation of the proposed polarizer can be explasied as follows (lor the sak^ 19thetravelof 
the rays is shown in a simpiifted way, oBy for one nrnaolens}. Mo-polarized light 14 passes through the first system of 
microlenses 38. whic^ system converts the incoming non-polarized light 14 into a plurality of identical Gght beams 41 
and focuses them on the locations of the intemal surface of the first f im that are not covered with sections of metalBc 
mirror 37. After passing through the focus, beams 41 pass through the second system of microlenses and reach means 
42 for dividing the non-polarized light beams into the polarized passing and reflected light beans, tfrat includes at least 
one birefringent l^r having the constant across the layer tttictaiess, (firections of the optical axes. Approodmatety an 
half of the l^ht energy of tiie nonix>larized light beams, having passed polarizing means 42. is converted into the 
energy of passing light beams 1 7, having, for example; tiie linear polarization tiiat is perpendicular to ttie pattern plane. 
The other half of the Gght energy of tiie non-polarized light beams is converted Into the energy of tiie reflected light 
beams 3. in tiiis case, having the Wnw polarization that is parallel to tiie pattem plane. Ught beams 13. having passed 
through qimrter-wave plate 25, reflected from metalGc minor 37 and having passed onoe again through quarter-wave 
plated, have the linear polarization that isperpencficular to tiie pattem plane. La the polarization that is orthogonal to 
polarization of Dght beams 3 tiiat are incident on metallic minra 37. Such change of polarization is caused by the known 
optical properties of the combination of a quarter-wave plate and metaOic mirror. Sectioned metallic mirror 37 practicaOy 
completely reflects beams 3. i.e. no toss of the fight energy takes place; because tiie transverse dimensions of tiie toca- 
tions, wherein tiie Gght-reflecting elements are absent, are selected to be much smaller than the transverse cfimensions 
of miool^tses (for example, the transverse (fimenstor^ of such locations are 1 0 mem. and tiie transverse cfimensions 
of nrncrolenses are 100-200 mem). Light beams 13 feving tiie Gnear polarization tiiat is perpendicular to tiie pattem 
plane, pass through the birefringait layer having tiie constant, across the layer titkioiess, cfirections of tiie optical axes, 
witixxxt a change m the polarization and intensity state, but ttiey are converted into convergent beams owing to passage 
through the second system of lerses. Thim. as tiie result of operation of tiie polarizer 14. the energy of non-pdarized 
light 1 4 practically completely is converted into tiie energy of outcoming polarized beams 1 7 and 13 tiiat fmve an high- 
degree identical linear polarization (which polarization in tttis case is peqaendkuilar to tiie pattern plane). 
[0314] Fig. 20 schematically shows a cross section of the proposed polarizer version, implemented in the form of two. 
for example, lanriinated fGms or plates 11 and 30. On tiie external surface dsakifflm or plate applied i^ 
prsms 43, on the intemal surface of the first or secorxJ film or plate applied Is sectioned metallk; mirra 37 optically reg- 
istered with system of microprisms 43. On tiie external sinfaceof tiie second flm or plate is polarizing means 
39 for cGviding the non-polarized light beams into tiie polarized passing and rdlected light beams, inducfing at least one 
layer of a cholesteric liquid crystal. 

[0315] Operation of tiie proposed polarizer can be explained as follows (for tiie sake of cteuH^ 
rays shown in a stmpTtf led way). Non-polarized light 14 passes through system of microprisms 43. which system con- 
verts the incoming non-polarized light 14 into a plurality of identical light t)eams 41. having parallel rays. Beams 41 are 
deflected from tiie perpencGoto to the film plane by tiie left and right slopes of prisms 43 to tiie identical angles to tiie 
right and to the Idt. respectively (in this vereon refraction index of the nvcroprism material is selected to be greater than 
that of the film material), and pass the locations in sectioned metalGc mirror 37 not occupied by tiie Gght-reflecting ele- 
ments of metallic mirror 37. Then the non-polarized beams reach polarizing means 39 for cfivkfing the non-polarized 
light beams into the polarized passing and reflected Gght k>eams, that includes at least one layer of a diolesteric liquid 
crystal. Approximately an half of the Gght energy of the non-polarized light beams 41 . having passed polarizing means 
39. is converted into tfie energy of passing Gght beams 27. having, for exanfile. tiie right circular polarization (tiie direc- 
tion of the circular polarization of tiie passing li^^t beams is opposite to the sign of tiie spiral of the used cholesteric 
liquid crystaO* The ottierhati of tiie ligm energy of tiie non-polarized light be is .converted into tiie mergy of tiie 
reflected light beams 40. in tins case - witii tiie left circular polarization (tiie (firection of tiie circuteu' polarization of tiie 
reflected light beams coincides witti the sign of the spiral of tiie used cholesteric liquid crystal). Light beams 40 after 
being reflected from metaOtc mirror 37 are converted into Gght beams 28 tiiat have tiie right circular polarization, i.e. tiie 
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polarizatm that is opposite to the polarizaim indcientonmetaUicminra'ST.Suchcha^ 
the polarization is caused by the krawn optical properties of a metallic mirror. Sectioned metallic mirror 37 practicaDy 
completely reflects beams 40, i.a no loss of the light energy takes place, because the transverse dimensions of the 
light-reRect'ng elernents are selected to be equal to or sGg^ exceeding the transverse dinrte^^ Light 
beams 28 having the r^ht circular polarization, pass through a layer of a cholesteric liquid crystal, without a change in 
the potarization and intensity state. Thus, as the result of operation of the polarizer, the energy of non-polarized light 1 4. 
practicaOy completely, is converted into the energy of outooming polarized beams 27 and 28 that have the identical 
highKlegree circular polarization. 

[0316] System of microprisms 43, appfied on the extend surface of the first f am can fecew^ 
tion that is extemal to the fOm. Microprisms can have other shape than the triangular one. 

[031 7] Rg. 21 schematically shows a cross section of the proposed ver»on of a polarizer, inrplemented in the form of 
two, fbr example, tentinated films or plates 11 and 30. On the external surface of the first fQm or pla^ 
of microprisms 43, on the internal surface of the first film or plate sequentially applied are sectioned metallic rrtirror 37 
optically registered with system of nvaoprisms 43. and a qiarter-wave plate 25 that covers, If necessary, all sections 
of metallic mirror 37 and, possrbty. to sirrplify the application technique, also covers the locations not covered sec- 
tior% of metalBc mirror 37. On the external surface of the second film applied is polarizing means 42 for dividing the non- 
polarized Gght beams into the polarized passing and reflected light beams, inducfing at least one birefringent layer hav- 
ing the constant, across the layer thicfoiess^ directions of the optical axes. 

[0318] Operation of the proposed polarizer can be explained as 1dlows(iM'm^ thetravelof 
rays Is shown in a simplified way). Nonixterized light 14 passes through system of microprisms 43. which system con- 
verts the incoming non-polarized li^^ 1 4 into a plurality of identical light beams 41 . having parallel rays. Beams 41 are 
deflected from the perpendicular to the film plane t3y the left and right slopes of prisms 43 to the identical angles to the 
right and to the left, respectively, and pass tfnough the locations in sectioned metalBc vnnror 37 not occupied by the 
light-reflecting elements of metallic minw 37. Then non-polarized beams reach polarizing means 42 for dividing the 
non-polarized light beams into the polarized passing and reflectad light beams that include at least one birefringent 
layer tonng the constant across the l^er tfudoiess, directior^ of the optical axes. Approximately an half of the light 
energy of the noni)oiarized light beams 41 , having passed polarizing means 42, is converted into the energy of passing 
light beams 1 7, having, for e)oample, the Dnear polarization that is perpendicular to the pattern plana The other half of 
the light energy of non-polarized light beams 41 is converted into the energy of the reflected Gght beams 3, in this case 
having the linear polarization that is parallel to the pattern plana Light beams 13 that passed through quarter^wave 
plate 25, reflected from metallic minor 37 and passed, once again, through quarter-wave plate 25, have the Gnear polar- 
ization that is perpendicular to the pattern plane, La the polarization that is orthogonal to polarization of beams 3 inci- 
dent on metallic mirror 37. Such change of tiie polarization is caused 1^ the known optical properties of the conttnation 
of a quarter-wave plate and metaGIc mimx. Sectioned metalGc mirror 37 practically conpletely reflects beams 3, i.a no 
loss of the light energy takes place, because ttie transverse dimensbns of tiie light-reflecting elements are selected to 
be equal to or slightty exceeding the transverse dimensions of beams 3. Light b^uns 3 having the linear polarization 
that is perpendicUar to the pattern plane pass through polarizing means 42, without a change In the polarization state 
and intensity. 

[0319] Thus, as the result of operation of the polarizer, ttie energy of non-polarized light 14. practically conpletely. is 
converted into ttie energy of outooming polarized beams 17 and 13 that have the identical high<legree Gnear polariza- 
tion. 

[0320] Ottw possible versions of a specific embodiment of the proposed polarizer are not Bmited by ttie exanples 
described abova 

Examotes of the daim^ LCI f^k^nffi In ttie ttie most typical conf igurationa 

[0321] An LC indicator shown in Rg. 22 consists of two plates 44 and 45 ttiat can be made of glass, plastic or other 
rigid orfiextole trarreparent material. On ttie internal surfaces of ttiese plates that face a layer of nematic Gquid crystal 
52. applied are transparent electrode 46. 47. Over the transparent electrodes applied are insulation films 48. 49 of a 
polymer or ottier material that smoothens the surface profie and provides homogeneous properties lor entire surface 
of a plate. Polarizing coatings 50. 51 are applied on ttiese Alms and are oriented mutually perpencficulariy by transmis- 
sion axes on plates 44 and 45. The polarizing coatings ttiemselves are orientants for molecules of ttiis nen^ Gqiid 
crystal. 

[(^22] Rg. 23 shows anottw version of ttie transmissivB LC incficator, wherein on surface of plates 44 and 45 first 
applied are polarizing coatings 50, 51 protected by films 48, 49. and ttien transparent electrodes 46. 47 are positioned. 
Over ttie electrodes appGed are films 53, 54 ttiat orient ttie LC nematic. In ttvs design, provided are smoottiness of sur- 
face, ttiat Is required fbr ttie polarizing coating, and rfs irmutation from ttie liquid crystal layer, which circumstance 
ensures that ions or molecules of ottier atetanoes ttiat can be contained in ttie polarizing coating will not reach said 
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coating. 

[0323] In the reflecting version of a LCindk^tor (Fig. 24), the seco^ 

maleriate. for exarrple. of a aystalGn alioon. On th^ eeoond piate, Gght-reflecting layer 55 is formed. The reflecting 
t^er can be obtained by application on an aluminium ntirror of a polymer f am compr^ng panicles of an unspecified or 
certain shape having the refraction index other than that of a polymer, and by application of a polymer film compri^ 
a suspension of an aluminium powder or other material that well reflects light, or a^ng a surface proffle on the 
plate surface, on which surface prof le reflecting layer 55. for example an aluminium fflm. e applied aftenvarda A sur- 
face profile can be formed by treatment of the surface by an abrasive n^erial, by engraving, stamping, appGcation of a 
polyrner film containing particles of certain shape and size, or by the selective etchir^ thrcmgh a ma^ of the surface of 
the plate itself, or of the polymer fSm. or other material applied thereon. The aluminium fBm can also serve as a contin- 
uous electrode. By etching, using photolithograpfy techriiques. a narrw strip of aluminium accorcfing to a predeter- 
mined contour 10-100 mem in width, electrodes of the required configuration can be obtained, for example, matrices of 
rectangles for flat display matrix screens, thereby retaining the general reflecting background on the whole operation 
field of an incficator. A polarizing coating is applied cfirectiy on a reflecting coating, or on a snrxxsthing and insulating sut>- 
layer that is formed on a reflector. 

[0324] If a reflecting layer, for any reasons, cannot be used as an electrode, w if it is made of a non-^^ 
rial, in this case electrodes are applied on an insulating sub-layer or directly on a r^lector. A polymer film, aluminium 
oxide, sOioon codde or other didedric materials can be utilized as an insuteting layer. In that case a polarizing coating 
can be appfied both on a reflector and electrodes. 

[0325] For the colour oorrq)6nsation in the transmissive version of LC incficators having a strongly twisted nematic 52. 
an addilional anisotrof»c layer 1 having a pre-determined optical thickness and (fisposed in the second plate (Fig. 25} 
is further used. Said layer 1 can be located immedtotely on polarizing coating 51 or on layers 49, 47 or 54 (Fig. 23) 
appfied thereon. An optically anisotropic layer is formed by application of a polymer fflm. or LC polymer, wherein mole- 
cules are oriented in a predetemrtined dtrectkxi under action of electromagnetic forces, or by mechanical tension when 
this layer applied, or after it is applied. Fi^ther. it is possS^le to use a photo-anisotropic mater^ that alkiws to obtain 
anisotropic fitms. having a specified difference of the optical travel and direction of axes of a txrefringent eOtpsoid. by 
photo-polymerization of the fim material by means of a polarized light Patent of RF Na 2 013 794 (1994)]. 
[0326] In the reflecting versbn of a LC indicator with a supertwist-nemattc, two additional optically anisotropic layers 
(fisposed on both plates between polarizers may bB required. They can be applied directly on polarizing coatings or on 
layers applied thereon. 

[0327] Uang the photolithograf^ or printing techniques for application of dyes, and using dyes of various colours, a 
polarizing layer having regions with different odours can be obtained, which ad\«ntage enhances the informational and 
ergorramic capabilities of an indicator. 

[0328] Accorcfing to the invention a LjC ceO can t)e provided with a light-switching feature; on one of the polarizmg 
coating a neutral spny colour is applied, on the other one applied are two polarizing coatings 51 and 56 (Rg. 26) • 
directly one over the other, or throus^ non-at>sort)ing layer 1 1 that separates them. Thereby potarizing coatings 51 and 
56 have differem cok)urB, and their polarization axes are mutually perpen^^ 

[0329] Anangemerrt of polarizing elemenls rade a cell allows to realize also a colour version of a matrix LC incficator 
(Fig. 27). In one of the versions, a polarizing coating is applied directiy on ootour matrix 57 disposed on the matrix of 
transparoit electrodes 47, or ion sub-layer 49. 

[0330] A colour matrix or pattern can be prepared by sputtering tfvough a photoresist mask, witii a setective dyeing 

of a polymer layer by an appropriate dye u^g the stendl-printing techniques, or by otf^ printirtg rnettKids. It can be 

appreciated ttmt anangement of a polarizer and a colour niaArix relatira 

for the invention and is determined by technotogy factors of application of layers. 

[0331] Prin^^ of operation of a iX indicator having pdariangelem^nscfispos^ 

an example of the transmissive versnn of LC indk^ator t>ased on twisted by 90° nematic (Rg. 22). A non-polarized light 
stream Is incident on an incficator from the first pUtte sida This light, having passed tfvough substrate 44, transparent 
electrode 46 and smoothing sutHayer 46. is polarized while iKissing through polarizaig coating 50. If ttiere is no votti^e 
across the electrodes, ttie light p^ses through liquid crystal layer 52, thereby rotating its polarization plane by 90°. and 
passes, without attenuation, through tfte second polarizing lay»r. sub-layer 49. transparent electrode 47 and plate 45. 
Thereby the electrodesVegion wiU appear to be light When a voltage is applied to electrodes, the nen^ 
under action of ttie electric fiekf. wfil transit into the homeotropk: form, wherein tfie nematic optical axis is oriented per- 
pencScularly to ttie plane of plates 44 and 45. and it stops to rotate ttie polarization plane of the light passing ttiere- 
through. It means tttat when li^ passes ttirough ttie nematic layer, the determined by polarizer 50 cfirection of the light 
polarization direction wai not change and at output of neniaiic 52 it wat be 

second poteirizer 51 . When light passes tttrough polarizer 51 , tiie light is ab6ort)ed, and ttiis regkxi will appear as daric 
In ttie incficator regions having no electrodes, ttie twisted form of nematic wifi be always retained, and ttiese regions 
always appear as fight. 
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[0332] For the reason that when light is reflected, the direction of the f lafly polarized light is not changed, in the reflect- 

li^ type of tndicalors the operatkm prince wfll be the sarne as d^^ 

does not pass through substrate 45, bi4 passes twice through another elements. 

10S3S] In the case of LC Indicator based on a supertwtet-nematic (Rg. 25), the Gght, flatty polarized by first polarizer 
50, passes through a supertwist-nematic and is converted into the eQtpticaDy polarized ona Thereby the light acquires 
a certain colour depencfing on the optical difference of wavelength. The optically anisotropic layer compensates the ool% 
our of the Tight passirig therethrough such that at output d a ceOHsbecoiT^ or vice verse. i.e. allows to pro- 

duce a necessary dyeing owbig to tfte irtilial orientation of the polarizing coating axes relative to one another, and the 
anisotropic layer and the thickness of the anisotropic layer. When a voltage is applied to the electrode elements, a liquid 
crystal is converted from the twisted state into the uniaxial state and stops to rotate the light polarization plane. For ttus 
reason the lig^ passes theretlvough without a change of the polarization plane Erection. WhOe passing through the 
anisotropic layer, the fight aoqures the circular or elliptical polarization, and after leaving the second polarizing layer has 
a colouring that is additional to the colouring of the tumedK>ff ^e. 

[0334] Operation of the light switch is explained in Rg. 26. After passing through first polarizing layer 50. the light in 
the tumed-off mode passes through (he nenratic, having the polarization plane rotation of 90**, and passes through 
polarizing byer 56. whose axis is oriented perpendiculariy to axis of the first polarizing coating 50, and abso(t>ed by 
secoTKl layer ofdichroic polarizer 51. whose polarization axm direction is perpe^ When a cell 

is turned on, the light passage plane direction, while passing through a LC, does not change, and the light is absort>ed 
t)ycBchroic polarizer 56 and dyed in other coloir. 

[0335] In the case of matrix colour LCI element (Rg. 27), the light passes, when the element is turned off, ttrouQh 
polarizer 50, through the LC, through second neutral polarizer 51 . and is selectivety absort>ed by dye 57. Tte element 
thereby appears to be dyed in an appropriate colour. When the element is turned on, the light is polarized by polarizer 
50, passes, without a rotation of the polarization plane, through the LC layer, and is blocked by polarizer 51. As the 
result, this element appears to be a daric one. 

[0336] At least one polarizing coating used in any of the LC indicators designs shown in Rga 22 - 27 can be imple- 
merrted Intheformof a polarizer of the interference type. 

[0337] In designs of the translucent LC indicators providing arrangement of polarizers on the external surface of trans- 
parent plates 44 and 45 (Rgs. 22. 23. 25 - 27), possOale the use of at least one polarizer that converts over 50% of 
the polarized light lrK3dent thereon into the one Gnear polarization light. 

[0338] Thus, use of an high-efficiency polarizer comprising at least one birefringent anisotropically absorbing layer, 
having at least one reaction index that grows as the polarized Gght wavelength kicreases, alkws to manufacture both 
a colour and monochrome LC element, types of which element are not limited t^ the above-dted verstons, and which 
is distinguished by an higher brightness, colour saturation, good angular characteristics and the absence of shadows. 

RIed of Appllcatkin of ttie Invention: 

[0339] The claimed polarizer can be used in luminaBrB, optk»l modulators, matrix systems of light modulation, for pro- 
tection of securities, trademari®. in production of polarizing f Dms, glass, including laminated films and glass for automo- 
tive industry, construction, architecture, advertising, and also for production of consumer goods such as sun-gtasses, 
shields. 

[0340] The daHTied Gquid-crystal indicating element can be used in means of the indicator technology of various pur- 
poses, tor example in flat liquid-crystal displays, including those of the projection type. 

UST 

of reference numerals and designations of elements shown in drawings 
[0341] 

1 - birefringent layer 

2; 29 - component of incident ligftt. lineariy-polarized in the pattern plane 

3; 4; 12 - conrponent of reflected light, lineariy-polarized in the pattern plane 

5 - corrponert of incident fight finearty-potarized perpendicularly to the pattern plane 

6; 7 - component of reflected Gght, lineariy-polarized perperKlicularty to the pattern plane 

8; 9; 10 - graphs of refraction index against light waveterigth 

11; 30; 31; 32 -isotropic layer 

14; 41 - non-polarized ray Cmcident or passing) 

15 - lenses of a t^efringent material 

16; 33 - conventk3nal designation of the optical axis of a birefringent layer 
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17; 13; 20; 36 - component of passing light, (inearly-potanzed perpendtadarty to the pattern plane 
18; 23; 22 • component of passing Bght linearly-polarized in the pattern plane 
19; 21 - sections of hatf-wave ptuseKtolaying plates 
24 - ampStude zone plate 
5 25; 26 - sections of a quarter-wave phase-delaying plate 
28; 28 - circular-polarized passing light 

34; 35 - surface prof 9e txxindary of dielectric layers of the phase zone plate 
37 - metallic minor 
38- lenses of an isotropic material 
10 39 - layer of cholesteric LC 

40 - circular-polarized reflected light 

42- polarizing means for dividing non-polarized light into the p^ng and Onearly-polarized components (one-layer 
or muttHayer means) 

43- microprisms 

IS 44-44; 45 -walls of LC cell (substrate) 

4546; 47 - electrodes in a LC cefl 

48; 49 - insulating f^ms in LCI 

50; 51; 56 -dichroic polarizer in LCcdt 

52 - layer of nematic LC in LC cell 
20 53; 54 - (^tenting layer in LC ceO 

55 - reflecting layer in LC cell 

57-colour matrix in LCI 

Claims 

25 

1 . A polarizer, including at least one birefringent layer, characterized in that at least one birefringent layer is the ani- 
sotropically absortxng one and has at least one refraction index that grows as the polarized light wavelength 
increases. 

2. The polarizer according to daim 1 , characterized in that at t^sl one birefringent anisotropically ak)sort)ing layer 
30 has at least one r^raction index that is directly proportional to the polarized light wavelength. 

3. The polarizer according to daim 1 , characterized in that at least one birefringent anisotropically absorbing layer 
has a thickness, whereat the interference extremum at output of the polarizer is realized for at least one linearly- 
polarized Qght oonrpcnent 

4. The polarizer according to daim 3, characterized In that thickness of at least one birefringent anisotropically 
35 at>sorbing layer satisfies the condition of obtaining, at output of the polarizer, the interference minimum for one lin- 
early-polarized tight component and the interference maximum for other orthogonal llneariy-poiarized light compo- 
nent 

5. The polarizer according to daim 1. characterized in further comprising at least one optically isotropic layer, 
whose refraction index coincides with, or maximally proximate to one of indices of the birefringent layer. 

40 6. The polarizer according to c^m 1 , characterized in further comprising at lea^ one birefringent layer, one refrac- 
tion index of which layer cdnddes with, or maxinftally proximate to one of indices of the birefringent anisotropicaOy 
absort»ng layer, and the second refraction incfices of the birefringent layer and birefringent anisotropicaily absort>- 
ing layer differ from one another. 

7. The polarizer according to daim 1 , characterized in that at least one birefringent anisotropically absort»ng layer 
45 comprises at least two fragments of an unspecffied shape, that differ from one another with respect of cofour and/or 

the polarization axis cfirection. 

8. The polarizer accoitfing to daim 7, characterized in further comprising at least one birefringent anisotropically 
ab6ort)ing layer cornprising at least two fragments of an urispedfiedstrape another with respect 
of colour andfor the polarization axis cGrection. 

so 9. The polailzer according to daim 8, characterized in that t>6tween two birefringent anisotropicany ak>sort»ng lay- 
ers said polarizer further comprises layers of transparent, cotouriess or dyed materials. 

10. The polarizer according to daim 1 , characterized in further comprising an orienting layer formed of nornnganic 
materials and/or different polymer materials. 

11 . The poiartzer aocorcfing to daim 1 . characterized in further comprising a light-reflecting layer. 
55 12. The polarizer accordng to daim 1 1 , characterized in that the light-reflected layer is metallic. 

13b The polarizer according to daim 1, characterized in thai at least one t)irefringent anisotropically ak)sorbing 
layer fonmd on surface of a substrata 

14w The poiartzer according to daim 1 3. characterized in that said polarize* as the substrate, comprises a birefrin- 
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gent plate or film, at least one birefringent arBSOtropicaOy absoibing layer k>eing formed at angle of 45'' to the main 
optical axis of said plate a f Om. 
ISw A polarizer, including: 

5 • a polarizing means for dviding a plurafity of noniX>tariz6d tight beams, constitubng the li^ht incident on the 

polarizer, into the same plurality of identical pairs of diflerer% polarized fig^ 
• means for changing polarizafion of at least one plurafity of the identically polarized light beams comprised by 

said plurality of pairs of drfferentty polarized light beams, the polarizing means being implemented in the form 

of focusing optical elements optically registered with the mears for ctot^ng polEulzation and conrpristng at 
10 least one birefringent layer adjacent to at least one optically isotropic layer, characterized in tat at least one 

birefringent layer is the anisotropically absortiing one and haB at least one refraction index that grows as the 

polarized l^ht wavelength incre^es. 

16. The polarizer accorcfing to daim 15, characterized in that at least one birefringent anisotropically at>soit)ing 
1 6 layer is implemented in the form of a set of volume or phase lenses. 

17. The polarizer according to daim 15, characterized in that fhe focusing optical element implemented in the 
formof azoneplata 

1& The polarfzwaocordtngtDdaim 17, characterized in tf^ the zone plate is implemented in the form of an ampli- 
tude zone plate, even zones of which conrprise at least one birefringent anisotropically absorbing layer adjacent to 
20 at least one optically isotropic layer, and the odd zones are made of the optically isotropic n^erial. 

1 9. The potarfzer according to daim 1 7. dnracterized in that the zone plate is implemented in the fonn of a phase 
zone plate, at least one refmdion index of which phase zone plate changing along at least one of cfiredions accord- 
ing to a certain rule, induding m a norwnonotonic manner. 

20l The polarizer accorcfing to daim 15, characterized in that the means for changing polarization comprises a 
25 sectioned translucent birefringent anisotropicaDy absott)ing tayer having at least one refraction index that grows as 
the polarized light wavelengffi increases 

21 . The potarfzer according to any one of claims 15-20. characterized in that the means for changing polarization 
is implemented in the form of a sectioned translucent half-wave birefringent plate or layer having sections disposed 
in focuses or outside focuses of the focusing optical elements 

30 22. The potarfzer according to any one of daims 1 5-20. diaracterized in that the means for changir^ polarization 
is implemented in the form of a sectioned translucent birefringent plate havnig sections in the form of quarter<'wave 
f^es disposed outside focuses of the focusing optical elements, and sections in the tonn of plates determirting a 
phase difference between the ordinary and extraordinary rays, which phase difference differs by « from the phase 
difference deterrnined by said sections in the form of quarternwave ptates cBsp^ 

35 cal elements. 

2X The potarfzer according to any one of daims 15-20. characterized in that the means for chan^ng polarization 
is implemented in the form of a sectioned translucent polymerized planar l^er of a liquid crystal having the twist 
structure, with rotation of the optical axis of the liquid crystal within thickness of said layer at angle of 90^ witii sec- 
tions disposed in focuses a outside focuses of the focusing optical elements. 
40 24. The potarfzer according to any one of deums 1 5-20, characterized in that the means fa chartging polarization 
is implemented in the form of sectioned translucent achromatic t>ir6fringent plate. 

25. A potarfzer, inducfing means for converting an incoming non-polarized light into a plurality of identical light 
beants, a pdarizing means for divicfing non-polarized light beams into polarized passing and reflected light beams 
having different polarizations, and a mear^ for changing polarization and Erection of the light beams reflected from 

45 the polarizing means, dtaracterlzed in that said pdarizer is implemented in the fdnn of at least one film of plate, 
whereon applied are said means, the polarizing means conrprising at least one birefringent anisotropically absort>- 
ing layer having at least one refraction index that grows as the polarized light wavelength increases, or a birefrin- 
gent layer having the constant, aaoss the layer thickness, directions of the optical axes, or a birefringent layer 
having optical axes ttiat change across the layer thickness accorcGr^ to a certain rule. 

so 26. The potarfzer according to daim 25, characterized in that the means for changing pdarsation and direction of 
the refleded light t>eams has a sectioned metallic mirror. 

27. The polarizer €uxx)rding to any one of claims 25-26. characterized in that the polarizing means corrprises at 
least one birefringent anisotropically absorbing layer or birefringent layer having tiie constant across the layer 
thideiess. cfirections of the optical axes, and comprising a quarter-wave plate upstream of the sectioned metalBc 

55 mirror. . 

28. The potarfzer accorcfing to any one of c^ms 25-26, charad^ed in corrprising at least one layer of a chdes- 
teric fiquid crystal as at least one birefringent layer having drections of theoptical asffis that change across the layer 
thidoiess according to a certain rula 



42 



EP0961138A1 



2a The polarizer aooording to daims 28. ctmracterized in that at least on layer of a cholestaric liquid crystal is 
made of a polymer cholesteric liquid cry^. 

30. The polarizer according to claim 28, characterized in that at least one layer of a cholesteric liquki crystal has. 
across the thidviess, a gradiem of the cholesteric spiral pitch and. as th^ light 
selective reflection band of not less than 100 nm. 

31 . The polarizer according to daim 28, characterized in comprising at least three layers of cholesteric liquid crys- 
tals having the ight selective reflection bands in three different spectrum ranges. 

32. The polarizer according to any one of daims 25-26, characterized in that the means for converting the incom- 
ing noni)olanzed light is inrplanerTted in the fonn of a system of nvcrolenses or micrcprisms focusing the light 
beams coming out of thm in the direction towards interior of the polarizer. 

33b The polarizer aooorcfing to claims 32. characterized in that the system of microlenses is implemented in the 
form of positive cylindrical microlenses that completely cover the surface of the polarizer. 

34. ThepolaftzeraccoRfingtoclaim 26, characterized in that on a first surface of a film or plate it oornprises a sys- 
tem of microlenses and a sectioned metallic mirror optically registered with said system of microlenses, and on a 
second surface of a fim or plate it comprises at least onelayerof achdesteric liquid crystal. 

35. The polarizer according to daim 26. charact^ed ai that on the first surface of a film or plate it comprises a 
system of microlenses, a sectioned metallic mirror opticalty recpstered with said system of micrdenses, and a quar- 
ter-wave plate, and on the second surface it comprises at least one birefringent anisotropically absorbing layer or 
birefringoHit layer having the constant aaoss the layer thickness, directions of the optical axes. 

36. The polarizer according to daim 26. characterized h that on the first surface of afOm or plate it corrprises a 
sectioned metaOic mirror, and on the second surface of a film or plate sequentially appfied area system of micro- 
lenses opficaOy registered with sections of the metallic mirror, and at least one layer of a chdesteric liquid crystal. 

37. The polarizer according to daim 26. characterized in that on the first surface of a f flm or plate it conprises a 
sectioned m^ic mirror and a quarter-wave plate, and on the second surface of a film or plate sequentiaQy appOed 
are a system of micrdenses opdcsAly registered with sections of the metal&c minror, and at le^ one birefringent 
anisotropically absort>ing layer or birefringent layer having the constant, aaoss the layer thickness, directions of the 
optical axes. 

38w The polarizer according to daim 26, characterized in corrprising at least two laminated f 3ms or plates, on the 
external surface of a first fim or plate applied is a first system of micrdenses. on the internal surface of a first or 
second film or plate appOed is a sectioned metaflic mirror, and on the external surface of the second film or plate 
adcfitionally applied are a second system of rracrdenses optically registered with sections of the metaflic mirror and 
with the first system of microlenses. and at least one layer of achdesteric liquid crystal. 
39. The polarizer aoconjing to daim 26, characterized in conprising at least two laminated fQms or |:^es. on the 
external surface of the first film or plate applied is the first sydem of microlenses, on the internal surface of the first 
or second fim or plate applied are the sectioned metaflic minor and the quarter^wave plate, on the extemal surface 
of the second film or plate additionally applied are the second sy^em of rrfoolenees optically registered with sec- 
tions of the metallic mirror and wHh the first system of micrdenses. and at least one birefringent anisotropicaDy 
absorbing layer or birefririgent layer having the constant across the layer thi^ drections of the optical axes. 
4a The potarber according to daim 26, characterized in comprising at least two lannnated f 9ms or plates, on the 
extemal suriiace of thefvstfilm or plate applied is a system of microprisms. on the internal Goxface of the first or 
second film or plate appGed is a sectioned metallic minror optically registered with the system of microprisms, on 
the extemal surface of the second film or plate applied are is one layer of a cholesteric liquid crystal. 

41 . The polarizer according to daim 26, characterized in corrpr^g at least two laminated f 9ms or plates, on the 
extemal suriace of the first film or plate applied is a system of microprisms. on the internal surface of the first f 9m 
or plate sequentiafly applied are the sectioned metallic rrarm optically registered with the system of microprisms. 
a quarter^Mave ii^e. on the extenrtai surface of the second film or plate appfied is at least one birefringent aniso- 
tropicaOy absobing layer or birefringent layer having the constant across the layer thickness, directions of the opti- 
cal axes. 

42. The polarizer according to any one of dasns 15-20. 25. 35. 37, 39. 41 . characterized in that at least one bire- 
fringent anisotropically ai>sort}nng layer h^ at least one refraction index that is directly proportional to the polarized 
fight wavelength. 

43^ The polarizer aocordng to any one of daims 1&20, 25. 35. 37, 39, 41 . characterized in that at least one bire- 
fringent anisotropically absorbing layer has the thickness whereat realized is the interference extremum at output 
of the polarizer at least for one light lineariy-polarized component 

44. The polarizer according to daim 43, characterized in that thickness of at least one birefringent anisotropically 
absort)ing layer satisfies the condition of obtaining, at output of the polarizer, the interference minimum for one 6n- 
earty-pdarized Gght component and the interference masdmum for the other orthogonal flneariy-pdarized light com- 
ponent. 
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4& The poiarim acconfing to any one of daims 15-20. 25. 35. 37. 39. 41, characterized in that the pdariztng 
nf«ans conprtees at least two layers, of which tayers at least one of them 

layer, and the other is an optjcaQy isotropic layer, whose refraction index coincides with, or maxirnally proximate to 
one of indices of the birefringent layer. 

46. The polarizer according to any one of claims 15-20. 25, 35. 37. 39. 41, characterized in that the polarizing 
nneans cornprises at least two birefringent layers, d which layers one d them ^ 

one refraction index of which l£^r coincides with, or maximaOy proximate to one of indices of the birefringent layer, 
and the second refraction indices of the birefringent layer and birefringent anisotropically absori:>ing l^er (fiffer from 
one another. 

47. The polarizer according to any one of daims 15-20, 25. 35. 37, 39. 41 . characterized in that at least one bire- 
fringent anisotropically absortiing layer is tormed: 

• of at least one organic salt of a dichroic anionic dye having general formula: 

{Ctttomogane} - {XOir)„, where Chromogene is a dye chromophore system; X » CO. Sp2, OSOj. 0P0(0' 
M*); M = RR'NH2: RFTfrNH; RR*R"R*N; RR'R-*P. when R. R\ R^ R* = CH3. CiC2H4.. C2H5. C3H7. C4H9. 
C6H5CH2, sub^ituted pheriyl or h^eroaryl; YH-(CH2-CH2Y)m-CH2CH2, Y »0, or NH. m-0-5; N-alkylpyricfin- 
ium cation. N^aDtylchinolinium cation. N-alkylimidazolinium cation, N-aBcylthiazolinium cation, eta; n s 1-7; 

• or of at least one asymmetric mixed salt of a dichroic anionic dye with differerrt cations of general formula: 

(M|%OTCM.IM,*OTCMCHj)p-Z-I,{Chromogeiie}l.2KCH2VXOTM^ 



Where: 

Chromogene is a dye chromore system; Z SSO2NH. SOg. CONH. CO. O, S. NH, CHg; p = 1 - 10; f » 0^; g o 
0-9; n = 0-9. m = 0^, n+l = V10: m+g = 1-10; X, X* 0 CO, SOg.OSOg. PO{O W): M ^ M^M, = H; non- 
organic cation of the fbOowing type: NH4. U. Na. K, Cs. Mg, Ca. Ba, Fe, rfi. Co. etc; organic cation of the fol- 
lowing type: RHN3, RRNHg, RR'R^NH; RR*R"R*N: RRR^R*?. where R.R\ R". R* - allyl or substituted alM of 
the fbUcwing type: CH3 CIC2H4. HOC2H4. C2H5. C^Hj, C4H9. CeHgCHs, substituted phenyl or heteroaryl. YH- 
(ChVCH2Y)k-CH2CH2-. Y » O. or NH. k B 0-1 0; heteroaromatic cation of the foOowing type N^kylpyridinium, 
N-all^rlchinolinium. N^di^nndazofinium. N-alkythiazoBnium etc.; 

or of at least one assodate of a dichroic anionic dye with surface-active cation and/or arrphoteric surfactant of 
general formula: 

(M"0-X'-)..(M*07C'-(CH2)p.Z-ls {Chromogene} l-ZKCH2)p-X0-SUR], (KO^VR)^ 



where 

Chromogene is a dye chromophore system; Z^SO^NH. SO2, CONH. CO. O. S. NH. CHg: p - 1 - 10; f « 0-4; 
g =0-9; n = 04, m = 0-9. n+f » 1-4; rmg = 0-10; X, X* = CO. SOg. OSO^ PO(0'M+); M = H; non-organic cation 
of the following type: NH4. U. fOa. K. Cs. Mg, Ca Ba. Fe. Ni, Co. etc. ;orgm*c cation of the following type: RHM3. 
RR'NH2, RR'RTgH; RR*R-R*N;RR'R-R*R where R,R'. R". R^ = alky1 or substituted alhyl of the following type: 
CH3 OCaHi, HOC2H4. C2H5 - C10H21. CeHgCHg. substituted phenyl or heteroaryl. YH-{CH2CH2Y)k-CH2CH2- 
, Y « O. or NH, k - 0-10; heteroaromatic cation of the following type N-«lkylpyricfinium, N-alkylchinolMum. N- 
alkylmidazolinium. N^kyHhiazolinium. etc; ICSUR*. SUR = KSUR+, ICSUR*. AmSUR. where: KSUR* and 
ICSUR^ are surface^ctive cations, AmSUR is amphoteric surfactant; 

• or of at least one associate of a dichroic cationic dye with a surface^ctive anion and/br an amphoteric surface- 
active dye of general fbrmula: 

(M'^Orx-}^ [NTG'X -(CH2)p-Z-]g {Chromogene^ SUR, where Chromogene is a dye chromophore system; Z 
=SC^NH, SO2., CONH. CO, O. S. NH. CHg; p « 1-10; g » 0-1; m = 0-1; m+^1; X = CO. SOg , 030^, P0(0- 
hA^); M a H; non-organic cation of the following type: NH4. U, Na. K. Cs, Mg. Ca. Ba. Fe. Ni. Ca etc; organic 
cation of the fbltowing type: RNH3 RRNH2; RffR'tJH; RRR-R*N; RRWR*P. where a ff. R". R* -alkylorsid)- 
slituted alkyi of the following type: CH3. C1C2H4. HOC2H4. C2HS - C10H21 , C6H5CH2, substituted phenyl or het- 
eroaryl. YH-(CH2-CH2Y)k-CH2CH2. Y = O. or NH. k = 0-10; heteroaromatic cation of the foltawing type: N- 
alkylii^ricfinium. N-alkytehinolinium. N-alkyfimidazoiinium, N-alkylthiazolinium. etc.: KSUR* (surface-active cat- 
ton), SUR - ASUR^; AmSUR. where: ASURT is surface active cation. AmSUR is amphoteric surfactant 

• or at least of one associate of a dichn>iccatk)nic dye with a surface-active cation arid/or 
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of general formula: 

{Ctitoino9ene}-[Z-(CH2)p - X* RTTR" SURlm where Ctvimiogene is a dye dvomophore system; Z - 
SO2NH. SO2, CONH, CO. O, S. NH, CHg: P = 1 -1 0; X = N, P; R. FT. R** = alkyi or substituted alkyi of the faliow- 
ing type: CH3', CIC2H4. HOC2H4. C2H5. C3H7, SUR =ASUR-. AmSUR, where: ASUR" is a surface-active anion, 
AmSUR is an amphoteric surfactant; n s M; 

• or of at least one water-insoluble dtchroic dye and/or a pigment that do not contain ionogenic a hydrophiDc 
groips: 

« or of at least one low-molecular thermotropic Rquid-crystal stiistance bekng a dichroic dye or containing, as a 
oonponent, a liquid-crystai and/or a dichroic dye other than liquid^crystat dye and vitrified tn this or other man- 
ner, for example after application of a layer by curing using ultraviolet radation; 

• or of at least on polymer material other than Bquid-crystal one, with a controlled degree of hydrophOicfty, dyed 
with a dichroic dye and/or an iodine compouncte; 

• or of at least one polymer thermoptropic iiquid-Grystal and/or non-Oquid crystal 8ut)stance comprising solved in 
mass and/or chemically bonded with a polymer chain dchroic dyes; 

• or at least of one dichroic dye capat)le of forming a lyotrc^ fiquid-crystal phase; 

• or at least of one dichroic dye of the potym^ structure; 

• or at least d one water-sdi^e organic dye cap^e of fornring a stable lyo^ 

formula {CtmNnogene} (SQsil)^ where Chromogene is a dye chromophore system; M - l-T. a non-organic 
cation: and having thickness not less tftan 0.1 mem; 

• or of their mixes. 

47. The pctfarlzer according to daim 46, characterized in that at least one didiroic dye or pi^nent is selected from 
a series of dyes capable of forming a tyotropiclk)ukkcrystal phase, or of a series of dyes capable of forming a stable 
lyotropic l«|uid-crystat phase; or of a series of luminescent dyes; or of the direct dye dass; a of the active dye dass; 
or of the odd dye dass; or of the series of sulfc>acids of pdycydk: dyes; or d the type d pdmethyne, cyanink:. 
hemicyantnk: dyes; or d the fype d arylcarbonic dyes; or d the type d hetenocydyc derivatives d d- and triaryl 
methanes, or tftiopyranirvc, pyroninic, aaydinic, oxaziniroc, thiazinic, xanthenk;, azinic dyes; or d the series d vat 
dyes: a d the series d dispersed dyes; or d the series d anthraquinonic dyes; or d the series d indigoU dyes: 
or d the series d mono- or pdyazocompounds, or d the series d perinonk; dyes; or d the series d pdycydic com- 
pounds; or d the saies d heterocyclto derivatives d enthrone; or d the series d nietal co^ 
the series d aromatic heterocycGc compounds or their mixes. 

4& The potarlzer according to any one d claims 1 -20, 25-26, 35 37, 39, 41 . characterized in that at lead one bire- 
fringent anisotropically at>sort^ng layer addittonally conprises a mocfifier. in capacity d which modffier used are 
hydrophilic or hydrophobic pdymers d different types, including Bquxl- crystalline. siOoonKvganc polymers; andAor 
pbstidzers and varnishes, including siGoon-organic and/a nornonogenic surfactants. 

49. A Dquld-crystal incficating element comprising a layer d Uquid orystal disposed bdween a first and second 
ptetes, at least one d which plates disposed are electrodes and a pdarizer. characterized in that at least one polar- 
izer comprises at least one birefringent anisotropk:ally absort)ing layer having at least one refraction index that 
grows as the polarized light waveter^gth increases. 

50. Tbe Dquld-crystal indtoating element according to claim 49, characterized in that at least one birefringent 
anisotropically ab8ort>ing layer d at lead one polarizer is implemented in the form d elements that differ from one 
another with respect dvakiesd phase delay and/or direction d the polarization axis. 

51. The Oquld^^rystal indicating element according to daim 49, characterized in that one polarizer comprtees at 
least two birefringent aresotropically at>sort>ing layers d different odours with mutually perpendicular cfirections d 
the pdarizatton axes, which layers are applied one ever the other, or on at least on one intermediate layer that sep- 
arates them, and on the other plate the polarizer oomprises at least one birefringe^ 

d a grey cokxir haviiig the drection d the polarization axes that cdncUes wi^ 
one d the birefringent anisotropicaay absort»ng layers on tiie find plate. 

52. The liquid-crystal Indicating elemem according to any one d claims 49-51 . characterized that ft further 
comprises on one plate a diffiffiion-rdlection layer, whxii ta^ simultaneously sexes as an electrode and at least 
one birefringent arusotropically ak)sort>ing layer toeing disposed immediately on the reflecting layer or a delectric 
sub-layer applied on ttie reflecting layer. 

53. The llqiiid-crystal Indleatlng etemem according to any one d daine 49^1 . characterized in that at least one 
birefringent anisotrapicallyabsofbing layer d at least one pdarizer has at least one refraction index that is drectty 
proportional to the polarized light wavelength. 

54. The nquU-cry^ Indicating element accorcGng to any on ddains 4951. characterized in that at least one 
birefring^ anisotropjcally absoriDing layer d at least one polarizer has the ttiickness whereat realized tiie inter- 
ference extremum at output d the polarizer for at least one linearty-polarized light component 
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5& The liquid-Cfystal indicating element according to daim 54, characterized in that thidviess of at least one 
birefringent anisatropically ab8ort>ing layer of at least one polarizer satisfies the oonditron of obtaining, at output of 
the polarize', the interference minimum for ne linearfy-polarized light component and the interference maxinum 
for the other orthogonal lineariy-polarized fight component. 

56. The ilqulit^rystai Indicating element accordmg to claim 54. characterized in that at least one polarizer com- 
prises at least WiO layers, of which layers one is a birefringent anisotropically absorbing layer, and the other is the 
optically teotropic layer whose refraction index coincides with, or maxtmaliy proximate to one of indices of the bire- 
fringent layer. 

57. The llqidd-crystai Indicating element according to claim 54. characterized in that at least one polarizer com- 
prises at least two different birefringent layers, of which ba-efringent layers at least one is the anisotropically absort>- 
ing one, and one refradion index of which anisotn^cally absort)ing l^er coincides with, or maximally proximate to 
one of indices of the birefringent layer, and the second refraction indices of the birefringent layer and birefringent 
antsotropically absort>ing layer are dffierent from one another. 

58. Tlie liquid-crystal Indicating element according to daim 54, charaderized in that the polarizer additionaDy 
oorrprises at least one layer that at least partially reflects the light 

59. The llquld-cry^ Indicating element according to daim 58. charact&lzed in that the Gght-reflecting layer is 
a metaflic layer. 

6a The liqiddcrystal Indicating element, comprising a Gquid crystal layer disposed between a f rst and second 
plates, at least on one of which plates (fisposed are electrodes and a poiaraer. charaderized in thstt at least one 
polarizer comprises: 

• a polarizing means for dividing a plurafity of non-pdarized light beams of the fight incident on the polarizer into 
the same plurafity of identical pairs of cfifferently polarized light beams, implemented in the form of focusing 
<Y>tical elements, each of whidi elements comprises at least one birefringent anisotropicaDy absorbing layer 
having at least one retraction index that grows as the polarized light wavelength increases ad^cent to at least 
one opticaUy isotropic layer; said polarizing means being optically registered with a means for chan^ng polar- 
ization of at least one plurafity of identically pdarized light beams comprised by said plurafity of pairs of differ- 
ently polarized Gght beams. 

61. The llquid<rystal Indicating element according to daim 60, charaderized in that at least one birefringent 
layer implemented in the form of a plurafity of vdume or phase lme& 

62. The iiquid-cryslal Indicating element according to daim 60. charaderized in that the focusing optical ele- 
ment is implemoited In the fbmfi of a zone plate. 

63. The llquid<rystal bKflcating element according to daim 62, charact^zed in that the zone plate is inple- 
mented in the form of an amplitude zone plate, even zones of which comprise at least one birefringent anisotropi- 
cally absorbing layer acljacent to at least one opticaliy isotropic layer, and the odd zones are made of the optically 
isotropic material. 

64. The liquid-crystal Indicating element according to daim G2. charaderized in that the zone plate is inple- 
mented in the form of a phase zone plate, at least one retraction index of which phase zone plate changing along 
at least one of directions acoorcfing to a certain rule, indudlng in a non-monotonic manner. 

65. The llquld-crysttf IncOcating element according to daim 60, charaderized in that the means fbr changing 
polarization comprises a sectioned translucent birefringent anisotropically absort>ing layer having at least one 
refraction index that grows as the polarized wavelength increases. 

66. The liqitld-crystal indicating element according to any one of claims 60^. characterized in that the means 
for changing polarization is Implemented in the fbnn of a sectioned translucent hatf^wave birefringent plate or layer 
having sections disposed in focuses or outside foct^es of the focusing optical elementSu 

67. The llquid-crystat indicating element according to any one of daims 60-85. characterized in that the means 
for changing polarization is implemented in tfie fomri of a sectioned translucent birefringent plate having sections in 
the form of qiarter-wave plates (Ssposed outside focuses of the focusing optical elements, and sections in the form 
of plates determirting a phase difference between the orcfinary and extraordmary rays, which phase difference dif- 
fers by n from the phase difference determined by said sections in the fam of quarter-wave plates disposed in 
focuses of the focusing optical elements. 

68. The ilqulckcrysial Indicating eiemem according to any one of daims 60-65. charaderized in that the means 
for changing polarization is implemented in ttte form of a sectioned translucent polymerized planar layer of a liquid 
crystal having the twist structure, with rotation of the optical ans of the fiquid crystal within thidoiess of said layer 
at angle of 90", with sections disposed in focuses or oidside focuses d the fbo 

69. The ilquUKcrystal indicating element according to any one of daims 60-65. characterized in that the means 
for changing pdarization s implemented in the form of sectioned translucent achromatic birefrii^ent plate. 
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7a A Dqidd^stal Indicating elemem, corrpra 

ptertes. m least on one of which plates be»ng disposed ele^^ 

polarizer \b inrplemented in the form of at least one film or plate, whereon appGed are means fbr converting the 
oicoming non-polarized light into a plurality of identical Bght beams, a polarizing means for dividing non-polarized 
Gght beams into polarized passing and reflected light bmm having different polarizations, wfvch polarizing means 
has at lead one txrefringent anisotropicafly atjsorting layer having at lead one refraction Index that grows as the 
polarized Bght wavelength increases, or a birefringent layer having the oonsmm aoms the layer tNctaiess. direc- 
tions of the optical axes that change across the layer thickness according t^ nrfe. and means for changing 
polarizaiion and drection of the light beams reflected from the polarizing means. 

71. Ttie Oquid-crystai Indicating elmient according to daim 70. characterized in that the means fbr changing 
polarizaiion and direction of the reflected lis^ beams has a sectioned metallic minor. 

72. The llqiilcKcrystai Indicating element according to any one of daims 70-71 , characterized in that the polariz- 
ing means comprises at lead one birefringent anisotropically absorbing layer or birefringent layer having the con- 
stant, across the lay^ thidaiess, cOrections of the optical axes, and comprising a quarter-wave plate upstream of 
the sectioned metallic mirror. 

73. Tlie nquid-cfystat bidicating etement according to any one of daims 70-71. characterized In conprising at 
lead one layer of cholesteric Bquid crystal as at 1^ one birefringem layer havf 

change across the layer thidcness according to a certain mle. 

74. TTie Dquid^stal Incflcating element according to daims 73, characterized in that at lead one layer of a chol- 
ederic liquid crydal is made of a polymer choledertc liquid crystal. 

7& The Ilquld^crystai Indicating element accortfing to any one of dainrs 73-74, characterized in that at lead one 
layer of a chdederic fiquid crydal has, across the thidmess, a gradient of the cholederic spiral pitch and, as the 
result, has the spectrum width of the Gght selective reflection band of not less than 100 nm. 

76. TTie Bquld-crystai Indicating element according to dalm 73. characterized in comprising at lead three layers 
of cholederic Gquid crystals having the light selective reflectiofi bands in three dWerent spectrum ranges. 

77. The liquid crystal indicating elenient according to any one of daims 70-71 . characterized in that the means 
for converting the incoming norvpoteuized light is implemented in tiie form of a sydem of miaolenses or micro- 
prisms focusir^ the light beams coming out of them in the direction towards the interior of the pdarizer. 

7a ITie llquktoy^ Indicating elemem according to daim 77, characterized in that the system of miaolenses 
is Implemented in the fbnm of positive cyGndrical nticnotenses tftat completely cover ttie surface of the pdarizer. 
79. The liquid-crystal indicating element accorcfing to daim 71, characterized in tinat on a frd surfaced a fim 
or plate the polarizo^ comprises a sydem of microlenses and a sectioned metaOic mirror opticaGy regidered with 
said system of nncrdenses. and on a second surface of a film or plate it comprises at leadone layer of a choles- 
teric Gquid crystal. 

sa The Dqukt^rystal Imficadng element according to daim 71 . characterized in ttiat on ttie fird surface of a f 9m 
or plate tf» poteirm comprises a sydem of microlenses. a sectioned metallic rrnnor optically regidered with said 
sydon of miaolenses. and a (^jarter-wave ptata and on the second surface it conprises at lead one birefringent 
anisotropically at>sort)ing layer or birefringent layer having the constant, aaoss ttie layer ttitckness. directions of ttie 
optical axes. 

81. TlieDqultf<rystal indicating element aocorcting to daim 71. characterized in ttiat on ttiefird surface of a fGm 
or plate ttie polarizer comprtees a sectioned metallic minor, and on tiie second surface of a fGm a plate sequentiaOy 
applied are a system of microlenses optically regidered wrtti sections of the metallic mirror, and at lead one layer 
of a cholederic liquid crystal. 

82. The Dquklcrystal Imficating elemem according to daim 71 . cha^ 

or plate ttie polarizer comprises a sectioned metdGc n^ and a quarter-wave pide. and on ttie second surfoce 
of a f am or plate sequentiaOy applied are a system of nvoolenses optically regidered witti sections of ttie metalGc 
minor, and at lead one birefringent anisotrof^cally eb5ort)lng layer or birefringent layer having ttie constant, aaoss 
the layer ttiidmess. directions of ttie optical axes. 

83. The llqukkcrystaf Indicating elemem according to daim 71 . characterized in ttiat ttie polarizer comprises at 
lead two laminated fSnis a plates, on ttie extenial surface of a fird film or plate applM 

lenses, on ttie internal surface of afirst or second film or plate applied is a sectioned metalfic nrvnror and on ttie 
external surface of ttie second film or plate ad(fitionally appGed are a second system of micrdenses optically reg- 
idered witti sections of ttie nrietaaicrnirror and witti ttie fird sydem of miadenses. and at lead one layer o^ 
estericliqiad crystal. 

84. The liquM-crystti Indicating elemem according to daim 71 . characterized in ttid ttie polarizer comprees at 
lead two lanwiated f ims or plates, on ttie SKternal surface of ttie f ird f3m or pide appfied is ttie f ird sydem of mic- 
rdenses. on ttie internal surface of ttie fird or second fOm or plate applied are a sectioned metallic minor and a 
quarter-mve plate, on ttie external surface of ttie second fSm or plate additiormlly applied are a second sydem of 
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miaolensQs optically ragged wHhsectkms of m metaDic minor and with Ihefii^ system of 

least one birefringent anisotropically absorfoffig layer or birefringent layer having the constant across the layer 

thictaiess. directions of the optical axes. 

8Sb The llqidd'Cry^ Indlcalino element according to daim 71 . characterized in that the polarizer comprises at 
least two laminated fams or plates, on the external surface of a first f am or 

on the OTtemal surface of the first or second fam or plate applied e a sectioned metallic mirror cptically registered 
with the Sjf^m ell microprisms. on the external surface of the second film or plate applied is one teyer of a choles- 
tertc equid crystal. 

86. The llqukKrysial Indicating element according to daim 71 , characterized in that tf^ polarizer conYXises at 
least two laminated fams or plates, on the external surface of the first film or plate applied is a system of micro- 
prisms, on the internal surface of the first film or plate sequentiaBy applied are a sectioned metalGc rnrror optically 
rec^stered with the system of microprisms. a quarto'^wave plate, on the external suriSace of the second f am or plate 
applied is at least one birefringent anisotropicaay at)sorfaing Ic^er or txrefringent layer having the constant, across 
the layer thidmess, directions of the optical axes. 

87. The llquld-aysial Indicating element accotcGng to any one of daims 60^. 70, 71. 80. 82, 84. 86. charac- 
terized In that at least one polarizer conprises at least one birefringent antsotropicaily absorbing layer funnng at 
toast one refraction index mat is directly proportional to the pdarized light wavelength. 

8& The llquM-cryslal Indicating eiemoit acconcing to any one of daine 6(K65. 70, 71 , 80. 82, 84, 86. charac- 
terized in that at least one birefringent anisotropicafly absorbing layer of at least one polarizer has the thickness 
whereat reaOzed is the interference extremum at output of the polarizer at lea^ for one light linearfyiMlarized com- 
ponent. 

89. The liquldcry^ indicating element according to daim 88, characterized in that thickness of at least one 
birefringent anteotropically absoritxng layer satisfies the condition of obtaining, at output of the polarizer, the inter- 
lerence minimum fbr one Onearly-polarized light component and the interference maximum for the other orthogonal 
Gnearty-polarized light component 

sa The liqutd-crystal Indicating element according to any one of daims 60-65. 70. 71 , 80. 82, 84. 86 character- 
ized in that at least one poteuizercorrprises at least two layers, of which layers at least one of the^ birefrin- 
gent anisotropically absorbing layer, and the other is the optically isotropic layer, whose refraction index coincides 
with, or maximally proximate to one of indices of the bir^ngent layer. 

91. The iiquld-cryslal indicating element accorcfing to any one of daims 60-65. 70, 71 , 80, 82. 84, 86. charac- 
terized in that at least one polarizer comprses at least two birefringent layers, of which layers at least one of them 
is the anisotropically absorbing layer, one reliraction Index of which layer coincides with, or maximally proximate to 
one of indices of the birefringent layer, and the second refraction irKlices of the birefringent layer and birefringent 
anteotropically at»sori>ing layer differ from one another. 

92. The liquid-crystal Imficating element aocordbng to any one of daims 49^1 , 60-65, 70. 71 , 80. 82, 84, 86, 
characterized in that at least one of the pdarizers further comprises an orienting layer formed of non-organic mate- 
rials, or on the basis of polymer materials. 

SX The liquid-crystal indicating dement according to any one of daims 49^1 . 60^. 70. 71 . 80. 82, 84. 86, char- 
acterized in that at least one birefringent anisotropically absorbing layer of at least one polarizer is fbnned: 

• of at least one organic salt of a dichroic anionic dye having general formula: 

{Chromogene} - (X01ir)n) where Chromogene is a dye chromophore system; X « CO. SO2. OSO2, 0P0(0* 
KT); M = RR'NH2; RRRtlH; RR*R"R*N; RR*R"*P, when R, R\ R^ R* = CH3. CIC2H4., CzHg. C3H7. C4H9. 
CgH^Hg, substituted phenyl or heleroaryl; YH.(CH2-CH2Y)„-CH2CH2, Y =0, or NH. m=o-5; N-alkylpyndin- 
ium cation. N-alkylchinolinium cation, N-all^inrtidazolinium cation. N^aO^Rhiazolinium cation, etc.: n « 1-7; 

• or of at least one asymm^ mixed salt of a dichroic anionic dye witiidiff^ 

{M|^07^^)«^M,*0-XMCH2V2^slCh^omoge^e)l.Z-^CH2)p.XO^vr|K-^^^ 



where: 

Chromogene is a dye chromore system:. Z -SOgNH, SO2, CONH, CO. O. S, NH. CHg: p - 1 • 10; f - 0-9: g - 
0-9; n o 0-9. m = 0^. n-f = 1-10: m-g « 1-10: X, X" = CO, SOfe. OSO^. PO(0-M-*): M^M^II, o H; non-organic 
cation of the foDowing type: NH4, U, Ma, K, Cs, Mg, Ca, Ba. Fa f*. Ca etc. : organic cation of ttie following type: 
RHN3, RRTlHg. RR'R^IH; RR*R'R*N; RR' R-R*P, where R,R'. R". R* « alkyi or substituted alkyi of the following 
type: CH3 CIC2H4. HOC2H4. C2H5. C3H7, C4H9, CeHgCHg. substituted phenyl or hetowyl. YH-<CH2-CH2Yyh- 
CH2CH2-, Y = O. or NH. k = 0-10; heleroaromatic cation of the following type N-all^rlpyricBnium. N^kylchino- 
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Gnium. N-alkyGrndazolinium, N^alkyfhiazolinium etc.; 

• orofatleastoneassociat cf a dichroic anionic dye wHh surface-active 
general fomnula: 

(JVroX.)„IlvrOTCMCH2V2-Jc {Chreraogene} J-Z-{CH2VXO-S^^ (XO^URxI 
where 

Chromogene is a cf/e chromophore system; Z^SOgNH, S02,C0NH. 00. 0, S. NH. OH2: p = 1 - 10; f ° (M; g 
=0-9; n = (M. m = 0-9, n+f = 1^;rTHfl = 0-10; X.X's 00,362, OSO2, PO(OtA*); M = H; non-organic cation 
of the following type: NH4. U. Na, K, Cs. Mg. Ca. Ba. Fe. Ni. Oo, eta; organic cation of the iollowortg type: RHMs, 
RR'NH2. RR*R"NH; RR'R-R*N; RR*R"R*R where R.R'. R", R* - alkyi or 8uk>stitiJted all^ of the Ibllowing type: 
CH3 CIC2H4. H002H4. CgHs - C10H21 , C6H5CH2, substituted phertyl or heteraaryl. yHiCH^-CH^'^-CHzCHz- 
, Y « O. or NH, k « 0-10; hetmaronnatic cation of the loUowtng type N-aJkytpyridinium. N-alkylchinolinium, N- 
aOcyfimidazolinium. N-alkyfthtazolinium. etc.; iCSUR^. SUR « KSUR*", ICSUR^ . AmSUR. where: KSUR^ and 
K'SUR'^ are surface-active cations, AnnSUR is anphoteric surfactant; 

• or of at least one associate of adichroic catiorticdye with a surface-active anion and/or an annphoteric surface- 
active dye of general fomnula: 

(M^'X-)„, pyroor-(CH2)p-Z-^ {Chromogm*} SUR, where Chromogene is a dye chromophore system; Z 
oSC^.NH, S02, OONH, 00. 0. S. NH, CH^; p » 1-10; g - 0-1 : m « 0-1 : nngol ; X - CO, SO2, OSO^. P0(0' 
M^); M s H; non-organic catkvi of the foflowing: type: NH4, Li. Na. K, Cs. Mg, Ca Ba, Fe, Ni, Co, etc.; organic 
cation of the foOowing type: RNH3 RR*NH2; RR'R'*NH; RR'R"R*N; RR'R"R*P. where R, R*. R". R* = aikyi or sut)- 
stituted all^ of the foBowing type; CH3. CIC2H4. HOC2H4. C2H5 - C10H21 , CeH5CH2. sitostituted phenyl or het- 
eroaryl. YH-CCHg-CHaYjk-CHaCHa, Y - O, or NH, k - 0-10; heieroaromatic cation of the following type: N- 
alky^:^ri(finium. N-alkylchtnoltnium. N-alkylintidazolinium. N-alkytthiazofinium. e^.; KSUR^ (surfacMCtive cat- 
ion), SUR = ASUR". AmSUR, where: ASUR" is surface active cation. AmSUR is anr^shoteric surfactant; 

• or at least of one associate of a dichroiccationic dye with a surface-active catbnand/o 
of general fomuila: 

{Chromogene}-[Z-(CH3)^ - X* RR*R" SUR]„, where Chromogene is a dye chromophore system; Z » 
SOgNH, SOa, CONH, CO. 0. 8, NH. CHg; p = 1-10; X = N, P; R, R', R" « allyl or sitetituted alkyl of ttie follow- 
ing type: CH3. CIC2H4. HOC2H4. C2H5, C3H7, SUR =ASUR-, AmSUR, where: ASUR" is a surface-active anfon, 
AmSUR is an amphoteric surfactant; n - 1 -4; 

• or of at lead one water-lnsolii)le dtohrolc dye and/or a pigm^ that do not contain ionogmiic or hydrophiRc 
groups; 

• or of at least one low-molecular thernnotropk; Itqutd-crystal 8ut>stance t>eing a dichroic dye or containing, as a 
component, a liquid-crystal and/or a dk;hro» dye other than liquid-crystal dye and vitrified in ths or other nwi- 
ner, for exanple after application of a layer by curing using ultraviolet radiation: 

• or of at least on polymer material other than Gqukf^rystal one. with a controlled degree of hydrophilicity. dyed 
with a dichroic dye and/or an iocfine compounds; 

• or of at least one polymer thermoptrcptc liqiod-aystal and/or non-Bquid crystal sut)stance comprising solved in 
mass and/or Gheniic^ k)onded witti a pofynier chain dich^ 

• or at least of one dichroic dye capable of fornmng a lyotropk;liqi^<^ 

• or at least of one dichroic dye of the polym& structure; 

• oratleaGtdonewater-sdubleorgantedyecapaksleoffbrnringastatslel^^ 

formula {Chromogene} CSO^Sint where Chromogene is a dye c hr omop ho re syston; M - , a non-organic 
cation: and having thickness not less than 0.1 mem; 

• or of their mixes. 

94. The Dqulckcrystal Incficating element according to daim 93. characterized in that at least one dichroic dye or 
pigntent is selected from a series of dyes capable of forming a lyotropic liquid aystal phase, or of a sen es of dyes 
capable of forming a ^able lyotropic liquid-crystal phase; or of a series of luminescent dyes: or of the cfirect dye 
dass; or of the active dye class: or of the accl dye class; a of the series of sulfb^acids of polycycGc dyes; or of the 
typeofpolymettiyne, cyaninic, hemk:yaninicdyes;orofthetypeof aryk:artx>nicdyes;orofthetypeof het 
derivatives of c&- and triaryl methartes, or thiopyraninic, pyroninic, acrycfinic oxazininic, thtazinic, xanthenic, aztnic 
dyes; or of the series of vat dyes; or of the series of cfispersed dyes; or of the series of anthraqiinonic dyes; or of 
the series of incfigoid dyes; or of the series of mono- or pdyazocompoun^ 
the s^es of polycycfic connpounds; or of the series of heterocycGc derivatives of enthrone; or of ^ 
complex compounds; or of the series of aromatic heterocyclic conpounds or their mixes. 
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9Sb The liquki crystal indicating element according to any one of claims 49-51 , 60-65, 70. 71, 80. 82. 84, 86. 
characterized in that at leaet one tiirefringent arBsotropically absoibing tetyer of at least one polarizer further com- 
prises a modifier, in capacity of which mocSi'm used are hydrophilic or hydrophobic polymers of different types, 
including Gquid crystalline, silicon-organic polymers; and/or ptetidzers and varnishes, including sOicon-organic 
and/or non-ionogenic surfactants. 
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